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7.0 CONTAMINANT FATE AND TRANSPORT 

7.1 Purpose and Introduction 

The purpose of this section is to describe the transport and distribution of contaminants in 
the R E T S  environment and provide a thorough understanding of the physical, chemical, 
and biological processes that influence the contaminant migration. While this evaluation 
addresses contaminant fate and transport in surface soil, subsurface soil, groundwater, 
surface water, sediment, and air, the primary focus, consistent with RFCA objectives, is 
evaluating the potential for contaminants from any medium to impact surface water 
quality. 

In contrast with the nature and extent of contamination sections (Sections 3.0 through 
6.0), which provide “snapshots” of analyte of interest (AOI) distribution in different 
environmental media, this fate and transport section focuses on A 0 1  transport and the 
multiple processes that either facilitate or impede contaminant movement. Because 
contamination can potentially be transported off the site by surface water, residual 
quantities of an A 0 1  (in any environmental medium) must be addressed by the final 
remedial action if migration of the A01  results in an exceedance of surface water 
standards at the surface water Points of Compliance (POCs). Similarly, contamination 
can potentially be transported off the site via the air pathway and, accordingly, residual 
contamination that results in an exceedance of air quality standards must be addressed by 
the final remedial action. 

The final objective of this section is to identify contaminants that warrant further 
evaluation in the Feasibility Study (Section 9.0 and 10.0) of this RWS, based on their 
presence in environmental media above established concentrations, fate and transport 
characteristics, and potential to impact surface water or air quality. 

The chemistry of each A 0 1  is unique. As a result, each A 0 1  interacts differently with the 
geochemical environment surrounding it, malung rates of A 0 1  movement highly variable. 
In addition, the persistence in the environment varies greatly from one A 0 1  to another, 
ranging from certain organic compounds that biodegrade in a period of weeks, to 
uranium-238 with a radioactive half-life of more than 4 billion years. Based on data and 
modeling at RFETS, it is likely that residual volatile organic compound (VOC) sources 
and associated downgradient groundwater concentrations will persist for decades to 
hundreds of years, even with the source removals that have occurred. 

In addition to chemical and physical processes, the location of the residual contaminant 
also plays an important role in its fate and transport. For example, a contaminant located 
in surface soil is subject to different transport mechanisms, such as wind and water 
erosion, than a contaminant source located several feet below the ground surface. All of 
these factors, including chemistry, persistence, historic use, contaminant source location, 
and process knowledge must be considered when evaluating contaminant data and 
assessing the migration of contaminants from one medium to another. 
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7.1.1 Organization of the Fate and Transport Section 

The evaluation of contaminant fate and transport at RFETS begins in Section 7.2 with a 
listing of the AOIs and a description of pertinent fate and transport processes. This 
includes an overview of the AOIs for each environmental medium, descriptions of 
general processes that influence the migration of contaminants at RFETS, a summary of 
environmental behavior characteristics for each specific A01 (in general terms and with 
respect to the RFETS environment), and a summary of accelerated actions that have been 
completed to remove contaminant inventories or impede migration. 

Subsequent sections provide descriptions and evaluations of contaminant fate and 
transport in surface soil (Section 7.3), subsurface soil (Section 7.4), groundwater (Section 
7.5), surface water (Section 7.6), sediment (Section 7.7), and air (Section 7.8). Finally, 
Section 7.9 provides a summary and integration of fate and transport findings for the 
different media, and identifies the AOIs requiring further evaluation. 

7.2 AOIs and a Description of Contaminant Fate and Transport Processes 

The AOIs vary for each environmental medium. They are identified in the respective 
nature and extent sections for each medium, based on specific criteria and screening 
processes described in those sections (Sections 3.0 through 6.0). Certain analytes are 
identified as an A01 in all media (surface soil, subsurface soil, groundwater, surface 
water, sediment, and air), while other AOIs are identified in one medium only. The AOIs 
are listed in Section 7.2.1. 

7.2.1 AOIs 

AOIs evaluated for fate and transport fall into one of the following analyte groups: 

Radionuclides; 

vocs; 
Metals; 

Semivolatile organic compounds (SVOCs); 

Polychlorinated biphenyls (PCBs); 

Dioxins; and 

Water quality parameters. 

Table 7.1 presents a listing of all AOIs, and identifies the environmental media associated 
with each. For each of the contaminants identified as an AOI, a description of the fate 
and transport characteristics for that analyte is provided in Table 7.2. In addition to 
general fate and transport characteristics, Table 7.2 provides fate and transport 
information specific to RFETS, such as whether a contaminant is primarily detected in 
surface soil, subsurface soil, or both. Where available, Table 7.2 also provides data from 
RFETS-specific studies related to the chemical form or mobility of specific contaminants. 
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7.2.2 Primary Fate and Transport Processes at RFETS 

Contaminant transport at R E T S  is the result of varied processes and is largely a function 0 
O f  

The chemical properties and corresponding environmental transport 
characteristics of each con tamin ant ; 

The nature of the A01 residual contamination. Residual contamination 
distributed in surface soil may undergo different transport mechanisms than 
residual contamination in subsurface soil; and 

The physical and chemical characteristics of the environment where the A01 is 
present. 

Each A01 has unique characteristics regarding its mobility and persistence in the 
environment. These characteristics are the result of the chemical characteristics of each 
AOI, in conjunction with the major physical, chemical, and biological processes listed 
below. These processes are depicted graphically on Figure 7.1 and are described further 
in Attachment 1 to this section: 

Physical Transport Processes 

Sediment transport; 

Erosion - Surface water and wind; 

Advection - Surface water and groundwater; 

Dispersion - Surface water and groundwater; 

Particle transport - Air, surface water, sediment, and groundwater (as colloids); 
I 

Recharge and dilution - Groundwater; 

Discharge - Groundwater to surface water; and 

Volatilization - Soil, surface water, and groundwater to air. 

Chemical Processes 

Sorption, desorption, and ion exchange - Soil and groundwater; 

Hydrolysis - Surface water and groundwater; 

Oxidation-reduction - Surface water, groundwater, and sediment; 

Solubility, precipitation, and dissolution -Soil, surface water, groundwater, and 
sediment; 

Complexation and speciation -Surface water, groundwater,' and sediment; and 

Radioactive decay -Soil, surface water, groundwater, and sediment. 

Biological Processes 

Biodegradation -Surface water and groundwater; 
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Denitrification and ammonification -Surface water; . 

Assimilation and bioconcentration -Surface water, groundwater, and sediment; 
and 

Evapotranspiration (ET) -Groundwater to plants. 

In the R E T S  environment, dominant transport pathways identified for the AOIs are 
(K-H 2002a,2004c,2005c): 

Erosion of contaminated surface soil by wind; 

Erosion of contaminated surface soil by surface water; and 

Subsurface transport of contaminants by groundwater. 

Surface water and wind erosion of contaminated surface soil is particularly important for 
low-solubility Contaminants bound to soil particles. Low-solubility AOIs include certain 
actinides such as plutonium and americium, and specific metals such as lead. The 
majority of the residual for these AOIs is present as Contamination bound to surface soil 
at low relative concentrations, which remains in place following the completion of 
accelerated actions'. 

Sediment is also subject to surface water erosion processes. Erosion of contaminated 
surface soil, with subsequent deposition into stream channels and ponds, redistributes the 
residual contamination from surface soil into the drainages. Deposition of contaminated 
sediments is particularly important for low-solubility contaminants bound to soil 
particles. Detection of these contaminants in surface water corresponds with elevated 
concentrations of suspended solids and resulting sediment contamination. 

The migration of certain analytes that occur naturally, such as chromium and arsenic, are 
difficult to ascertain because of their high natural background levels, which vary in 
concentration across the site. In addition, man-made interferences, such as contaminants 
introduced into wells from stainless-steel well construction, can cause contamination in 
samples that are not reflective of actual groundwater conditions (see Section 7.5.3.3). 

Groundwater transport of contaminants is an important process for contaminants with 
higher relative solubility, such as VOCs and nitrate. Historic sources of groundwater 
contamination at RFETS are those typically associated with large, older industrial 
facilities, and include past waste disposal practices (for example, waste ponds, burial 
trenches, and drum storage pads), chemical spills, and storage tanks leaking liquid 
industrial chemicals. The infiltration of precipitation can potentially carry soluble 
contaminants from soil sources to groundwater (Figure 7.3). Chlorinated solvents or 
liquid hydrocarbon fuels may also migrate from soil sources (for example, leaking drums 

* Prior to, during, and after completion of accelerated actions, the air and surface water quality at the site 
has been in compliance with the respective standards for plutonium and americium, despite low levels of 
residual contaminants in surface soil. The plutonium and americium standards in surface water are 
measured at the POCs. The airborne radionuclide standard (based on the combined activities of plutonium, 
americium, and uranium isotopes) is measured at the site boundary. 
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and tanks) as both dissolved and nonaqueous phase liquids (NAPLs) downward through 
the soil to the underlying groundwater. Each of the sources may act as a long-term 
residual of dissolved contaminants to groundwater (see Attachment 1 to this section for a 
discussion of VOC and NAPL persistence). 

a 
Many of the subsurface physical, chemical, and biological processes act to retard, 
transform, or destroy AOIs as they migrate in groundwater. However, evaluation of 
specific RFETS AOIs suggests that the rate of biological contaminant degradation is low 
and the long half-lives of most R E T S  radionuclide AOIs limit the effectiveness of these 
processes in diminishing contaminant concentrations over the short term. 
Evapotranspiration (ET) plays an important role in VOC attenuation at RFETS. Near- 
stream hydrology is dominated by losses to ET, which attenuates VOCs before the 
groundwater discharges as baseflow to surface water. 

For certain AOIs, such as uranium, it can be difficult to ascertain whether concentrations 
of the analyte observed in the environment are from naturally occurring sources or 
impacts from historic site activities that resulted in releases to the environment. Adding 
to the complexity is the variability in natural background concentrations at different 
locations across the site. Therefore, an understanding of each AOI’s historic usage and 
releases to the environment, if any, is beneficial for comprehending fate and transport 
information. In addition, evaluating sample data from areas representative of background 
conditions is useful when determining whether fate and transport of AOIs is related to 
anthropogenic effects. 

7.2.3 Accelerated Actions, Enhancements, and Contaminant-Specific Evaluations 

Numerous accelerated actions, enhancements, and contaminant-specific evaluations have 
been conducted at RFETS to reduce the migration of AOIs that can potentially impact 
surface water quality, reduce the quantity of contaminants in soil and sediment, and 
shorten the persistence of AOIs in subsurface media. The following accelerated actions 
completed at R E T S  are significant in terms of the scope of the action and/or the 
expected benefits regarding long-term reduction of contaminant migration to surface 
water. 

1 

7.2.3.1 Significant Soil and Sediment Removal Actions 

Soil and sediment removal actions that removed significant quantities of contaminant 
source material are listed below (K-H 200%). 

Soil Removal: 

Mound Site (historical Individual Hazardous Substance Site [MSS] 113) 
Completed in 1997 - Excavated and treated approximately 725 cubic yards (cy) 
of soil. Contaminants excavated were predominantly VOCs, particulafly 
tetrachloroethene. 

East Trenches (T-3 and T-4) (historical IHSS 108) 
Completed in 1996 - Excavated and treated approximately 1,700 cy and 2,100 cy 
of soil for T-3 and T-4, respectively. Contaminants excavated were 0 
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predominantly VOCs, including carbon tetrachloride, trichloroethene, and 
tetrachloroethene. 

903 Pad (historical IHSS 112) 
Completed in 2003 - Removed approximately 4,500 cy of asphalt, 40 cy of 
concrete, and 20,200 cy of soil. Contaminants excavated included plutonium- 
239/240, americium-241, uranium-238, carbon tetrachloride, tetrachloroethene, 
trichloroethene, and cis- 1,2-dichIoroethene. 

903 Lip Area (historical IHSS 900-155) 
Completed in 2004 - Removed approximately 49,800 cy of soil over 
approximately 36 acres. Contaminants excavated were predominantly plutonium- 
239/240 and americium-241. 

East Trench T-1 (historical IHSS 108) 
Completed in 1999 - Removed approximately 1,300 cy of soil. Contaminants 
excavated were predominantly depleted uranium, PCBs, and cyanide. 

Ryan’s Pit (historical MSS 109) 
Completed in 1996 - Removed approximately 180 cy of soil. Contaminants 
excavated were predominantly 1,1,1-trichloroethane, tetrachloroethene, and 
trichloroethene. 

Oil Bum Pit #2 
Completed in 2004 - Removed approximately 1,370 cy of soil. Contaminants 
excavated were PCBs, arsenic, and VOCs, including tetrachloroethene and 
trichloroethene. 

Carbon Tetrachloride plume source (historical IHSS 1 18.1) 
Completed in 2004 - Removed approximately1,700 cy of soil and debris. The 
primary contaminant excavated was carbon tetrachloride. 

Sediment removal: 

Ponds B-1, B-2, and B-3 
Completed in 2005 - Removed approximately 40,500 cy of sediment. The 
primary contaminants excavated were radionuclides, including plutonium- 
239/240 and americium-241. 

East Landfill Pond 
Completed in 2005 - Removed approximately 6,300 cy of sediment. 
Contaminants in the surface soil adjacent to the pond included metals, 
radionuclides, and SVOCs. 

7.2.3.2 Groundwater Treatment Systems and Associated Enhancements 

Several groundwater treatment systems have been installed at RFETS (see Figure 2.2) as 
accelerated actions or in conjunction with Corrective Action Decisions/Records of 
Decisions (CAD/RODs) to treat contaminated groundwater that could potentially impact 
surface water quality. In addition, as part of the Groundwater Interim Measure/Interim 
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Remedial Action (MIRA),  enhancements were implemented to have a positive long- 
term impact on surface water quality (K-H 200%). These actions include: 

East Trenches - East Trenches Plume Treatment System (ETPTS) that removes 
VOCS in groundwater prior to its discharging to South Walnut Creek. A 
phytoremediation project was implemented downgradient of the ETPTS (along 
South Walnut Creek) to enhance residual portions of the East Trenches VOC 
plume downgradient of the ETPTS. 

Mound Site - Mound Site Plume Treatment System (MSPTS) that removes 
VOCS in  groundwater prior to its discharge to South Walnut Creek. 

Solar Evaporation Ponds (SEP) Site - Solar Ponds Plume Treatment System 
(SPPTS) that removes uranium and nitrate in groundwater prior to its discharge to 
North Walnut Creek. A phytoremediation project was implemented downgradient 
of the SPPTS (along North Walnut Creek) to enhance residual portions of the SEP 
nitrate plume downgradient of the SPPTS. 

881 Hillside Area - An Operable Unit 1 (OU1) groundwater treatment that 
collected VOCs and nitrates from a french drain routed to a groundwater 
collection well (891COLWEL) and treated in accordance with the OU1 
CADROD. Due to the consistently decreasing groundwater contaminant levels 
(near the maximum contaminant levels [MCLs]) and no downgradient impacts to 
surface water quality, the OU1 groundwater treatment system ceased operation 
during April 2002 in accordance with the Major Modification to the OUl 

Present Landfill (PLF) - As part of the IM/?RA for the landfill (K-H 2004), a 
collection and treatment system that removes VOCs was installed at the landfill 
seep. The system is operational and consists of a bentonite cutoff wall with liner 
material to collect the seep water, which is routed down a stepped passive 
aerationhreatment system (K-H 2005g). 

CAD/ROD (DOE 2001; K-H 200%). 

7.2.3.3 Contaminant-Specific Evaluations 

Extensive hydrologic flow modeling was conducted as part of the Site-wide Water 
Balance to evaluate the effect of hydrologic changes at RFETS on surface water in North 
and South Walnut and Woman Creek drainages. Results of the SWWB indicate: (1)  the 
surface and subsurface flows in Woman Creek will be largely unaffected, while the flows 
in North and South Walnut Creeks will be reduced by more than 80 percent (K-H 2005b). 
The flow information was used to model VOC transport to evaluate the potential impact 
of VOCs at groundwater discharge areas (K-H 2002b, 2004,2005b). The VOC transport 
modeling is discussed in Section 7.5.3.2. 

Extensive evaluation, research, and actinide modeling was conducted as part of the 
Actinide Migration Evaluation (AME) (K-H 2002a). An AME Pathway Analysis was 
conducted to quantify the environmental transport of plutonium, americium, and uranium 
in the environment at R E T S  and provide recommendations for long-term protection of 
surface water quality. The actinide transport pathways quantified included air, surface 
water, groundwater, and biota. The results of the pathway analysis confirm that the 
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dominant transport pathways for plutonium and americium are air and water erosion, and 
for uranium it is dissolved transport in groundwater and surface water. 

7.3 Surface Soil Contaminant Fate and Transport 

Although surface soil is the medium where many of the residual contaminants are 
detected in the R E T S  environment, surface soil does not, in itself, represent a transport 
pathway. The transport of contaminants from surface soil to other environmental media 
is dependent on physical processes, such as erosion of surface soil. The physical 
processes are affected by the chemical properties of the AOI, in conjunction with other 
chemical and biological mechanisms, discussed in Section 7.2.2, that dictate how each 
A01 is transported in the environment. 

7.3.1 Surface Soil AOIs 

Fourteen surface soil AOIs were identified in the soil nature and extent section (Section 
3.0). These are: 

Radionuclides - Americium-24 1, plutonium-239/240, ‘uranium-233/234, uranium- 
235, and uranium-238; 

Metals - Aluminum, arsenic, chromium, and vanadium; 

S VOCs - B enzo( a)p yrene and di benz( a, h)an thracene; 

PCBs - PCB-1254 and PCB-1260; and 

Dioxins - total 2,3,7,8-Tetrachlorodibenzodioxin toxicity equivalency (2,3,7,8- 
TCDD TEQ). 

7.3.2 Migration of Surface Soil AOIs . 

Based on the nature and extent of the surface soil AOIs (Section 3.0), the general 
environmental behavior characteristics of these AOIs, as well as other considerations 
such as persistence in the environment, distribution in environmental media at R E T S  
(other than surface soil), and the potential to impact surface water quality, the surface soil 
AOIs are grouped into one of two general fate and transport categories. These categories 
are: 

AOIs with limited migration in surface soil - AOIs are designated as having 
limited migration if their general environmental migration characteristics, and 
data from other media, indicate their distribution in surface soil and other media is 
limited. If significant migration of the A01 from surface soil to surface water 
(either directly or indirectly) is determined to be unlikely, particularly at the 
surface water POCs, then the A01 is designated as having limited migration and 
extent in surface soil. 

AOIs with surface soil as a primary migration pathway - AOIs are designated as 
having surface soil as a primary migration pathway if it is determined that, based 
on an AOI’s general environmental migration characteristics and data from other 
media, the A01 is migrating extensively from surface soil to other media. In 
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particular, if significant migration of the A01 from surface soil to surface water 
(either directly or indirectly) is determined to be reasonably likely, especially at 
the surface water POCs, then the A01 is designated as having surface soil as a 
primary migration pathway. 

Discussions of surface soil AOIs are grouped by analyte category: radionuclides, metals, 
SVOCs, PCBs, and dioxins. 

7.3.2.1 Surface Soil Radionuclide Migration 

Americium-24 1 > 

The wildlife refuge worker (WRW) preliminary remediation goal (PRG) for americium- 
241 is 7.69 picocuries per gram (pCi/g). For residual americium-241 in RFETS surface 
soil, it is considered (for this evaluation) to persist in the environment indefinitely, 
because the radioactive half-life of americium-241 is over 400 years (Table 7.2). 

In surface soil, residual americium-241 is detected across the three major R E T S  
watersheds (North Walnut Creek, South Walnut Creek, and the South Interceptor Ditch 
[SID]n;Voman Creek drainage) that receive runoff from the former Industrial Area (IA). 
Within the IA, americium-241 is detected above the WRW PRG in the former 700 Area2. 

In addition to surface soil, other environmental media at R E T S  have americium-241 
identified as an AOI. These other media are listed below (see Figure 2.2 for locations of 
site features referenced): 

Subsurface soil - East Trenches; 

Surface water - North Walnut Creek, South Walnut Creek, and Woman Creek 
basins3; and 

Sediment - Pond A-1 in North Walnut Creek. 

It is noted that americium-241 is not identified as an A01 in groundwater or air. 
Airborne americium-241 is detected at levels well below (by approximately two orders of 
magnitude) the 10 millirem (mrem) standard for airborne  radionuclide^.^ Therefore, 
neither americium-241, nor any other radionuclide, is identified as an A01 in air at 
RFETS. Further discussion on airborne contaminants is provided in Section 7.8. 

Americium-241 activities in surface soil above the WRW PRG in the 700 Area of the IA OU are actually 
at least five feet below grade, but are designated in the data set as surface samples because the sample was 
collected prior to regrading of the site. 
3Surface water quality at POC monitoring locations in all drainage basins has historically been compliant 
with the 0.15 picocuries per liter (pCi/L) 30-day moving average standard for americium-241. 

site annual Effective Dose Equivalent (EDE) of radionuclides (americium-241, plutonium-239/240, 
uranium-233/234, uranium-235, and uranium-238) has been less than 3 percent of the allowable 10-mrem 
standard, based on samples collected since 1999. 

Airborne americium-241 is detected throughout the site, but at low,relative concentrations. The total off- 
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The subsurface soil americium-241 at the East Trenches is related to subsurface residual 
contamination that is not reflective of environmental transport. Data for the other 
environmental media indicate the dominant mechanisms that transport americium-241 
from surface soil involve wind and water erosion of surface soil with residual americium- 
241. The erosion-based transport processes are consistent with the general body of 
scientific literature, as well as extensive RFETS-specific studies, that indicate americium- 
241 is typically transported as a highly insoluble actinide that sorbs strongly to soil 
particles (Table 7.2) (K-H 2002a). 

As noted above, americium-241 concentrations at surface water POC monitoring 
locations have historically complied with the 0.15 picocuries per liter (pCi/L) 30-day 
moving average standard for americium-241. Also, air concentrations of radionuclides, 
including americium-241 , are well below (by approximately two orders of magnitude) the 
allowable 10-mrem standard for airborne radionuclides. In addition, the primary historic 
inventory of americium-241 in surface soil was reduced significantly by the accelerated 
action at the 903 Lip Area that involved removal of approximately 49,800 cy of soil from 
roughly 36 acres. 

Although residual americium-241 remains in surface soil, the potential impact of that 
residual on other environmental media, including surface water at the POCs and air at the 
compliance demonstration sampling network, is not anticipated to be significant, as 
demonstrated by historic measured data. However, because residual americium-241 is 
present in surface soil, as well as in other environmental media, and because surface soil 
is susceptible to erosion processes, surface soil is identified as a primary migration 
pathway for americium-241 at R E T S .  

Plutonium-239/240 

The WRW PRG for plutonium-239/240 is 9.80 pCi/g. For residual plutonium-239/240 
that remains in R E T S  surface soil, it is considered (for this evaluation) to persist in the 
environment indefinitely, because the radioactive half-lives of plutonium-239 and 
plutonium-240 exceed 24,000 years and 6,500 years, respectively (Table 7.3). 

In surface soil, similar to americium-24 1, residual plutonium-239/240 is detected across 
the three major RFETS watersheds (North Walnut Creek, South Walnut Creek, and the 
SIDNoman Creek drainage) that receive runoff from the former IA. Also similar to 
americium-241, residual plutonium-239/240 is detected in surface soil above the WRW 
PRG in the former 700 Area’. 

In addition to surface soil, other environmental media at RFETS have plutonium-239/240 
identified as an AOI. These other media include: 

Subsurface soil -.700 Area, East Trenches, and 903 Pad Lip Area; 

0 
Similar to americium-241, plutoniurn-239/240 concentrations in surface soil above the WRW PRG in the 

700 Area of the Industrial Area Operable Unit (OU) are actually at least five feet below grade, but are 
designated in the data set as surface samples because t h e  sample was collected prior to regrading of the site. 
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Surface water - North Walnut Creek, South Walnut Creek, and Woman Creek 
basins6; and 

Sediment - Pond A-1 in North Walnut Creek, Ponds B-2 and B-4 in the South 
Walnut Creek basin, and the SID in the Woman Creek basin. 

It is noted that plutonium-239/240 is not identified as an A01 in groundwater or air7. The 
subsurface soil plutonium-239/240 is related to either subsurface residual (700 Area and 
East Trenches) or vertical transport caused by plutonium entrained in oil (903 Pad) that is 
not reflective of typical plutonium environmental transport. Data for the other 
environmental media indicate the dominant mechanisms that transport plutonium- 
239/240 from surface soil involve wind and water erosion of surface soil with residual 
plutonium-239/240. The erosion-based transport processes are consistent with the 
general body of scientific literature, as well as extensive RFETS-specific studies, that 
indicate plutonium-239/240 is typically transported as a highly insoluble actinide that 
sorbs strongly to soil particles (Table 7.2) (K-H 2002a). 

As noted above, plutonium-239/240 concentrations at surface water POC moni\toring 
locations have historically complied with the 0.15 pCi/L 30-day moving average standard 
for plutonium-239/240. Also, air concentrations of radionuclides, including plutonium- 
239/240, are well below (by approximately two orders of magnitude) the allowable 10- 
mrem standard for airborne radionuclides. In addition, the primary historic inventory of 
plutonium-239/240 in surface soil was reduced significantly by the accelerated action at 
ihe 903 Lip Area that involved removal of approximately 49,800 cy of soil from roughly 
36 acres. 

Although residual plutonium-239/240 remains in surface soil, the potential impact of that 
residual on other environmental media, including surface water at the POCs and air at the 
compliance demonstration sampling network, is not anticipated to be significant. 
However, because residual plutonium-239/240 is present in surface soil, as well as in 
other environmental media, and because surface soil is susceptible to erosion processes, 
surface soil is identified as a primary migration pathway for plutonium-239/240 at 
RFETS . 

Uranium 

This analysis addresses uranium isotopes uranium-233/234, uranium-235, and uranium- 
238, as well as the sum of these isotopes, to provide a comprehensive evaluation of the , 

different surface soil AOIs related to uranium. .These different uranium surface soil AOIs . 
are all identified as AOIs in media in addition to surface soil. 

Surface water quality at POC monitoring locations i n  all drainage basins has historically been compliant 
with the 0.15 pCi/L 30-day moving average standard for plutonium-239/240. 
I .  Airborne plutonium is detected throughout the site, but at low relative concentrations. The total off-site 
annual EDE of radionuclides (americium-241, plutonium-239/240, U-233/234, U-235, and U-238) has been 
less than 3 percent of the allowable 10-mrem standard, based on samples collected since 1999. 0 
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The WRW PRGs for uranium-233/234, uranium-235, and uranium-238 are 25.3, 1.05, 
and 29.3 pCi/g, respectively. For residual uranium that remains in RFETS surface soil, it 
is considered (for the purposes of this evaluation) to persist in the environment 
indefinitely, because the radioactive half-lives of uranium-234, uranium-235, and 
uranium-238 are approximately 244,000 years, 704 million years, and 4.5 billion years, 
respectively (Table 7.2). 

Residual levels of uranium in surface soil are distributed in the IA OU (former 700 and 
400 Areas and Original Landfill) and in the Buffer Zone (BZ) OU (Ash Pit area). In 
addition to residual uranium remaining in surface soil following accelerated actions, 
naturally occurring uranium is present in surface soil throughout the site. As a result, 
high relative concentrations of uranium in the environment do not necessarily indicate an 
anthropogenic (man-made) uranium source. 

In addition to surface soil, other environmental media at RFETS have uranium identified 
as an AOI. These other media include: 

Subsurface soil - uranium-235 and uranium-238 in the Ash Pits area; 

Groundwater - SEP and upgradient from Pond A-1 in the North Walnut Creek 
basin, and at the Original Landfill and Ash Pits in the Woman Creek Basin; 

Surface water - SEP discharge gallery in the North Walnut Creek basin'; 

Sediment - uranium-238 in the former 400 Area; and 

It is noted that none of the uranium isotopes, nor the sum of uranium isotopes, are 
identified as AOIs in air.g Data for environmental media other than surface soil indicate 
the dominant mechanisms that transport uranium from surface soil involve: 

Migration of uranium from surface soil to subsurface soil and groundwater, via 
transport of soluble uranium. This pathway is demonstrated at the Original 
Landfill and Ash Pits, with elevated concentrations in groundwater at those 
locations. 

Wind erosion and transport of surface soil that contains disperse, residual 
uranium, primarily from natural uranium in the soil. Air concentrations are well 
below (nearly two orders of magnitude below) the allowable IO-mrem standard 
for radionuclides. 

The transport pathways observed at RFETS involving the migration of uranium from soil 
to groundwater, as well as the erosion of surface soil with residual uranium, are 

Surface water quality at POC monitoring locations in all drainage basins has historically complied with 
the 10 p C i n  and 11 pC& 30-day moving average standards for total uranium in the Walnut Creek and 
Woman Creek basins, respectively. 
9 .  Airborne uranium is detected throughout the site, but at low relative concentrations. The total off-site 
annual EDE of radionuclides (americium-241, plutonium-239/240, uranium-233/234, uranium-235, and 
uranium-238) has been less than 3 percent of the allowable IO-mrem standard, based on samples collected 
since 1999. 

DENIE03200501 I .DOC 7-12 

. .. 



I 

RCRA Facility Investigation-Remedial Investigation/ 
Corrective Measures Study-Feasibility Study Report 

consistent with the fate and transport characteristics of uranium. As the dominant 
transport mechanism, uranium migrates as a soluble uranium (VI) species that is mobile 
In the subsurface. Uranium can also migrate as the relatively insoluble uranium (IV) 
species that sorbs strongly to soil particles and is transported with surface erosion 
processes (Table 7.2). Data indicate surface soil co-located with subsurface soil and 
groundwater that meet the criteria for uranium as an AOI, and suggest the dominance of 
the soluble species. However, natural background uranium observed in soil and water at 
R E T S  can complicate understanding whether the uranium is from a natural or an 
anthropogenic (man-made) source. The differentiation of natural and anthropogenic 
uranium was evaluated for water media using specialized analytical techniques that are 
described in Section 7.5.3.1. 

Section 7.0 
Contaminant Fate and Transport 

The uranium isotopes uranium-233/234, uranium-235, and uranium-238 are identified as 
having limited migration in surface soil at R E T S ,  based on their migration 
characteristics, high relative natural background concentrations, and minimal observed 
impacts to surface water quality related to erosion processes. 

7.3.2.2 Surface Soil Metal Migration 

A1 u mi n um 

Residual aluminum in surface soil is distributed in the former IA, particularly in the 400, 
700, and 800 Areas, and at limited locations throughout the BZ OU, although not 
necessarily at concentrations that are statistically higher than background concentrations 
(see Appendix A, Volume 2, Attachment 8 of the Comprehensive Risk Assessment 
[CRA]). In addition to surface soil, the other medium in which aluminum is identified as 
an A 0 1  is surface water, with a sample result in Pond A-4 (North Walnut Creek basin) 
above the surface water standard." 

0 

The dominant transport mechanism that explains aluminum migration from surface soil 
to surface water is surface water erosion of surface soil. However, because of limited 
surface water data for aluminum, a transport pathway is not clearly defined from a 
specific surface soil location to a specific surface water location. In addition, background 
concentrations of aluminum in surface soil contribute to the concentrations in surface 
water and further obscure the identification of specific, discrete residual aluminum in 
surface soil. 

Based on itsJmigration characteristics, high relative natural background concentration, 
and minimal impacts to surface water quality (based on limited data), aluminum is 
identified as having limited migration in surface soil at RETS.  

l o  A surface water sample result at a Building 779 footing drain had an aluminum sample result above the 
surface water standard; however, that drain outfall no longer exists in the post-accelerated action 
configuration, because the area was regraded. 0 
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Arsenic 

Residual arsenic in surface soil is distributed throughout the former IA, in the three major 
RFETS watersheds that receive runoff from the former IA (North Walnut Creek, South 
Walnut Creek, and SIDrWoman Creek drainages). Arsenic is also detected above the 
WRW PRG in other BZ OU drainages, including the Rock Creek, Smart Ditch, No Name 
Gulch, and McKay Ditch watersheds, though these drainages are not downstream from 
the former IA (indicative of natural background sources of arsenic). In addition to 
surface soil, other environmental media with arsenic identified as an AOI, and the 
locations with elevated arsenic concentrations that drive the A01 designations, are listed 
below: 

Subsurface soil - North Walnut Creek basin (former 700 Area), South Walnut 
Creek basin (East Trenches and former 400 Area), and Woman Creek basin (Ash 
Pits area); 

Surface water - North Walnut Creek basin (700 Area), South Walnut Creek basin 
(central IA and SEP areas), Woman Creek basin (western portion of basin [station 
GS061 and 881 Hillside area), and Rock Creek basin (quarry discharge [from off 
site] into Rock Creek); 

Sediment - North Walnut Creek basin (A-Series Ponds), South Walnut Creek 
basin (B-Series Ponds, central IA, and 400 Area), SIDNoman Creek basin (SID, 
Pond C-2, and Owl Branch and Antelope Springs tributaries to Woman Creek), 
and the No Name Gulch, Rock Creek, and Smart Ditch basins; and 

Groundwater - Present Landfill area. 

The dominant mechanism that causes arsenic to migrate from surface soil to other media, 
based on R E T S  arsenic data for different media, is surface water erosion of surface soil. 
Background concentrations of arsenic in surface soil contribute to the concentrations in 
surface water and sediment and obscure the identification of specific, anthropogenic 
arsenic sources. This is made evident by concentrations in sediment samples in Woman 
Creek tributaries, not within the IA watershed, that are above the WRW PRG value for 
soil * ' . 
Arsenic is identified as having limited migration in surface soil at RFETS, based on its 
migration characteristics, high relative natural background concentration, and minimal 
impacts to surface water quality. 

Chromium 

Residual total chromium in surface soil is distributed throughout the former IA as well as 
in the three major RFETS watersheds that receive runoff from the former IA, although 
the concentrations are statistically less than background concentrations in all areas except 

Sediment arsenic concentrations within the Woman Creek drainage that exceed the WRW PRG are I 1  

below background at most locations, and below three times background at all locations (CRA Appendix A, 
Volume 2, Attachment 8). 
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Section 7.0 
Contaminant Fate and Transport 

the Upper Walnut Creek Drainage Exposure Unit (EU)l2 (CRA Appendix A, Volume 2, 
Attachment 8). In addition to surface soil, other environmental media with chromium 
identified as an AOI, and the locations with elevated chromium concentrations that drive 
the A01 designations, are listed below: 

Subsurface soil - North Walnut Creek basin (700 Area), South Walnut Creek 
basin (East Trenches and former 400 Area), and Woman Creek basin (Ash Pits 
area); 

Groundwater - North Walnut Creek basin (former Building 771 Area), South 
Walnut Creek basin (East Trenches Area), and Woman Creek basin (near 903 Pad 
and 881 Hillside areas); 

Surface water - North Walnut Creek basin (SEP and former 700 Area), South 
Walnut Creek basin (southern 700 Areas that drain into South Walnut Creek, and 
other portions of the former central IA), and Woman Creek basin (western 
Woman Creek, upgradient from the former IA [station GS061); and 

Sediment - North Walnut Creek basin (upstream from Pond A-1, and in Ponds A- 
1 and A-2), South Walnut Creek basin (former 700 and 400 Areas), and Woman 
Creek basin (former 600 Area tributary to the SID). 

RFETS data suggest chromium migration in the RFETS environment occurs via two 
separate mechanisms. The first process involves surface water erosion of surface soil that 
contains residual chromium. The widespread presence of chromium in surface soil above 
the WRW PRG, although predominantly at concentrations less than background (CRA 
Appendix A, Volume 2, Attachment 8), is the apparent primary source for chromium in 
surface water. It is notable that the locations with chromium concentrations above the 
surface water standard are generally located near the soil source areas. The chromium 
appears to settle out of the water column either in the site detention ponds or upstream 
from the ponds, thereby increasing chromium concentrations in the sediments. It is also 
notable that a surface water station in the western Woman Creek watershed (upstream 
from the former IA) had a sample result detected above the surface water chromium 
standard. That result suggests elevated chromium in surface water resulting from 
background concentrations in the soil. 

The second process for chromium migration involves groundwater transport, in particular 
in the East Trenches and former 700 Area, where elevated concentrations of chromium 
are detected in both the subsurface soil and groundwater. This is reflective of chromium 
(IV) transport, which predominates in highly oxidizing environments, such as the shallow 
RFETS groundwater, and is very mobile. 

As discussed above, residual chromium is present in surface soil and other media. Based 
on the migration characteristics of chromium associated with soil erosion, which causes 
an apparent impact on surface water quality (although compliant at the surface water 
POCs), surface soil is identified as a primary migration pathway for chromium at RFETS. . 

l 2  EUs are discussed and evaluated in the CRA (Section 8.0). .. 
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Vanadium 

Vanadium is identified as an A01 in surface soil only. Across the site, 16 out of 2,622 
soil samples analyzed for vanadium (0.6 percent of samples) had concentrations above 
the WRW PRG. Sampling locations above the WRW PRG are localized in the PU&D 
Yard area. Studies indicate vanadium is relatively immobile in soil (Martin and Kaplan 
1998) (Table 7.2). 

Vanadium is identified as having limited migration in surface soil at RFETS, based on its 
migration characteristics and limited extent in surface soil as well as in other media. . 

7.3.2.3 Surface Soil SVOC Migration 

Benzo(a)p yrene 

Residual benzo(a)pyrene is present in surface soil throughout the IA OU, along the 
hillside north of the SID (in the former Building 881 Hillside area) and in the Present 
Landfill area. In addition to surface soil, other environmental media with benzo(a)pyrene 
identified as an AOI, and the locations with elevated benzo(a)pyrene concentrations that 
drive the A01 designations, are listed below: 

Subsurface soil - North Walnut Creek basin (the 300 and 700 Areas in the former 
IA), South Walnut Creek basin (East Trenches area), and Woman Creek basin 
(former 881 Hillside area); and 

Sediment - North Walnut Creek basin (west of the former Building 371 area and 
in the Bowman’s Pond area, near the former Building 771), South Walnut Creek 
basin (Pond B-4,750 Pad, 904 Pad, and Central Avenue Ditch locations), and 
Woman Creek basin (tributary to the SID from the former Building 881 site). 

Benzo(a)pyrene presence in the environment is widespread, as a ubiquitous product of 
incomplete combustion. Polyaromatic hydrocarbons (PAHs) with a relatively high 
molecular weight, such as benzo(a)pyrene, sorbs strongly to particulate matter, such as 
soil. Therefore, its transport is likely associated with soil and sediment erosion. RFETS 
data indicate the migration of benzo(a)pyrene is from soil to sediment, even though 
benzo(a)pyrene is not detected as a surface water AOI. Based on the residual 
benzo(a)pyrene being limited primarily to soil and sediment, with minimal impact on 
surface water quality, benzo(a)pyrene is identified as having limited migration in surface 
soil at RFETS. 

Dibenz(a,h)an thracene 

Dibenz(a,h)anthracene is detected as an A01 in surface soil only. Surface soil sample 
results are above the WRW PRG in less than 1 percent of samples. Results above the 
WRW PRG are localized in the former IA. It is expected that dibenz(a,h)anthracene 
would not be a groundwater AOI, because high molecular weight PAHs have a tendency 
to adsorb to organic carbon and thus have somewhat limited mobility in the subsurface 
(Southworth 1979). 
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Volatilization from surface soil to air is not an important loss mechanism for 
dibenz(a,h)anthracene (Park et al. 1990). Although there are differences in the 
biodegradation half-life values estimated by different investigators, studies suggest the 
biodegradation half-lives of PAHs such as dibenz(a,h)anthracene will range from over 20 
days to hundreds of days. 

Based on its migration characteristics, moderately limited persistence, and lack of 
apparent impact to other media at RFETS including surface water, dibenz(a,h)anthracene 
is identified as having limited migration in surface soil at RFETS. 

, 7.3.2.4 Surface Soil PCB Migration 

PCB-1254 and PCB-1260 

Both PCBs that are surface soil AOIs, PCB-1254 and PCB-1260, are detected above the 
WRW PRG in localized areas in the former IA. PCB-1254 is an A01 in surface soil only. 
PCB-1260 is an A01 in surface and subsurface soil. 

It is expected that the PCBs are not groundwater AOIs, because they sorb strongly to soil 
as a result of low water solubility and do not leach extensively (Sklarew and Girvin 
1987). PCBs tend to have moderate persistence in the environment, with half-lives on the 
order of months to years (Gan and Berthouex 1994; Kohl and Rice 1998). 
Biodegradation has been shown to occur under both aerobic and anaerobic conditions and 
is a major degradation process for PCBs in soil and sediment. 

Based on their migration characteristics, moderately limited persistence, and lack of 
impact on other media at RFETS including surface water, PCB-1254 and PCB-1260 are 
identified as having limited migration in surface soil at RFETS. 

7.3.2.5 Surface Soil Dioxin Migration 

Total 2.3,7,8-Tetrachlorodibenzodioxin Toxicity Equivalency 

2,3,7,8-TCDD TEQ is an A 0 1  in surface soil only, with sample results above t h e  WRW 
PRG in the area of the former incinerator southwest of the former IA. It is noted that the 
“surface soil” designation is misleading, because the soil where the samples were 
collected is buried under approximately 20 feet (ft) of soil in the post-accelerated action 
configuration. 

As a dioxin, 2,3,7,8-TCDD TEQ is characterized by low aqueous solubility and high 
hydrophobicity (Table 7.2). Therefore, 2,3,7,8-TCDD TEQ sorbs strongly to soil, and 
has limited mobility. Based on its actual depth in the soil profile, limited migration in the 
environment, and lack of impact on other media at RFETS, including surface water, 
surface soil is identified as a limited migration pathway for 2,3,7,8-TCDD TEQ at 
RFETS . 
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Section 7.0 
Contaminant Fate and Transport 

7.3.3 Surface Soil Contaminant Fate and Transport - Summary and Conclusions 

Fourteen surface soil AOIs were identified in the soil nature and extent of contamination 
section (Section 3.0). These are: 

Radionuclides - Americium-241, plutonium-239/240, uranium-233/234, uranium- 
235, and uranium-238; 
Metals - Aluminum, arsenic, chromium, and vanadium; 

'SVOCs - Benzo(a)pyrene and dibenz(a,h)anthracene; 

PCBs - PCB-1254 and PCB-1260; and 

Dioxins - 2,3,7,8-TCDD TEQ. 

Based on the general environmental behavior characteristics of these AOIs, as well as 
other considerations such as persistence in the environment, distribution in environmental 
media at RFETS (other than surface soil), and the potential to impact surface water 
quality, each A 0 1  is grouped into one of two general fate and transport categories as 
follows: 

or. AOIs with limited migration in surface soil; and 

AOIs with sediment as a primary migration pathway. 

The groups of AOIs are listed below, along with a brief summary for each analyte 
regarding its presence in other media, as well as the dominant transport mechanisms that 
effect its migration in the RFETS environment. 

AOIs With Limited Migration in Surface Soil 

Radionuclides 

Uranium-233/234 (A01 in surface soil only) - Migration occurs by erosion of 
surface soil, although groundwater is the dominant transport mechanism, as 
evidenced by total uranium designated as a groundwater A01 (Section 7.5.3.1). It 
has a high relative natural background activity in soil and persists essentially 
indefinitely in the environment, based on its long radioactive half-life. 

Uranium -235 (A01 in subsurface soil in addition to surface soil) - Migration 
occurs by erosion of surface soil, although groundwater is the dominant transport 
mechanism (Section 7.5.3.1). It has a high relative natural background activity in 
soil and persists essentially indefinitely in the environment, based on its long 
radioactive h a1 f-li fe. 

Uranium -238 (A01 in subsurface soil and sediment in addition to surface soil) - 
Migration occurs by erosion of surface soil, although groundwater is the dominant 
transport mechanism (Section 7.5.3.1). It has a high relative natural background 
activity in soil and persists essentially indefinitely in the environment, based on 
its long radioactive half-life. 
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Metals .J 

Aluminum (A01 in surface water in addition to surface soil) - Migration occurs 
primarily by erosion of surface soil. It has a high relative natural background 
concentration in soil and persists essentially indefinitely in the environment as a 
stable element. 

Arsenic (A01 in subsurface soil, surface water, and sediment, in addition to 
surface soil) - Migration occurs primarily by erosion of surface soil. It has a high 
relative natural background concentration in soil and persists essentially 
indefinitely in the environment as a stable element. 

Vanadium (A01 in surface soil only) - Migration occurs primarily by erosion of 
surface soil, although the extent is limited. It has a high relative natural 
background concentration in soil and persists essentially indefinitely in the 
environment as a stable element. 

. .  svocs 
Benzo(a)pyrene (A01 in sediment in addition to surface soil) - Migration occurs 
primarily by erosion of surface soil. It is relatively short-lived in the environment 
(half-life up to several hundred days). 

Dibenz(a,h)anthracene (A01 in surface soil only) - Migration occurs primarily by 
erosion of surface soil. It is relatively short-lived in the environment (half-life up 
to several hundred days). 

PCBs 

PCB-1254 (A01 in surface soil only) - Migration occurs primarily by erosion of 
surface soil. It has moderate persistence in the environment (half-life from 
months to years). 

PCB-1260 (A01 in subsurface soil in addition to surface soil) - Migration occurs 
primarily by erosion of surface soil. It has moderate persistence in the 
environment (half-life from months to years). 

Dioxins 
I .  

2,3,7,8-TCDD TEQ (A01 in surface soil only) - Migration occurs prima&y by 
erosion of surface soil. It has moderate persistence in the environment (half-life 
of several years). 

AOIs With Surface Soil as a Primary Migration Pathway 

Radionuclides 

Americium-241 (A01 in subsurface soil, surface water, and sediment in addition 
to surface soil) - Migration occurs primarily by erosion of surface soil. It persists 
essentially indefinitely in the environment, based on its long radioactive half-life. 

Plutonium-239/240 (A01 in subsurface soil, surface water, and sediment in 
addition to surface soil) - Migration occurs primarily by erosion of surface soil. 

7-19 DENIE032005011 .DOC 



RCRA Facility Investigation-Remedial Investigation/ 
Corrective Measures Study-Feasibility Study Report 

Section 7.0 
Contaminant Fate and Transport 

It persists essentially indefinitely in the environment, based on its long radioactive 
half-life. 

Metals 

Chromium (A01 in subsurface soil, groundwater, surface water and sediment in 
addition to surface soil) - Migration of chromium occurs primarily by erosion of 
surface soil, although groundwater transport also occurs. It persists essentially 
indefinitely in the environment as a stable, non-decaying element, though its 
valence state may vary between Cr(1II) and Cr(IV), which influences its solubility 
and migration characteristics. 

As summarized above, three of the fourteen surface soil AOIs were identified with 
surface soil as a primary migration pathway. These analytes are americium-241, 
plutonium-239/240, and chromium. The remaining eleven AOIs have limited extent and 
limited observable migration in surface soil at RFETS. Based on an evaluation of their 
transport characteristics and distribution in RFETS environmental media, these eleven 
surface soil AOIs are not likely to migrate extensively in surface soil at RFETS and, 
therefore, are unlikely to pose an eventual threat to surface water quality compliance at 
the POC locations. 

This assessment of the migration characteristics of the surface soil AOIs is carried 
forward to the integrated pathway analysis in Section 7.9. 

7.4 Subsurface Soil Contaminant Fate and Transport 

Similar to surface soil, subsurface soil contains residual contamination of several 
contaminants detected in the RFETS environment. Also similar to surface soil, 
subsurface soil does not, by itself, represent a transport pathway. The transport of 
contaminants from subsurface soil to other environmental media is dependent on 
physical, chemical, and biological processes, as well as the chemical properties of the 
AOI. 

7.4.1 Subsurface Soil AOIs 

Fourteen subsurface soil AOIs were identified in the soil nature and extent section 
(Section 3.0). These are: 

Radionuclides - Americium-241, plutonium-239/240, uranium-235, and uranium- 
23 8; 

VOCs - Tetrachloroethene, trichloroethene, 1 , 1,2,2-tetrachloroethane, carbon 
tetrachloride, chloroform, and methylene chloride; 

Metals - Chromium and lead; 

SVOCs - Benzo(a)pyrene; and 

PCBS - PCB-1260. 
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7.4.2 Migration of Subsurface Soil AOIs 

Based on the nature and extent of the subsurface soil AOIs (Section 3.0), the general 
environmental behavior characteristics of these AOIs, as well as other considerations 
such as persistence in the environment, distribution in environmental media at R E T S  
(other than surface soil), and the potential to impact surface water quality, each 
subsurface soil A01 is grouped into one of two general fate and transport categories. 
These categories include: 

AOIs with limited migration in subsurface soil - AOIs are designated as having 
limited migration if their general environmental migration characteristics, and 
data from other media, indicate their distribution in subsurface soil and other 
media is limited. If significant migration of the A01 in subsurface soil is 
determined to be unlikely (particularly if migration to groundwater and, 
ultimately, transport to surface water at the POCs is not expected), then the A01 is 
designated as having limited migration and extent in subsurface soil. 

AOIs with subsurface soil as a primary migration pathway - AOIs are designated 
as having subsurface soil as a primary migration pathway if it is determined, 
based on an AOI's general environmental migration characteristics and data from 
other media, that the A01 is migrating extensively in subsurface soil and to other 
media. In particular, if significant migration of the A01 from subsurface soil to 
groundwater occurs, with potential impacts to surface water quality at the POCs, 
then the A01 is designated as having subsurface soil as a primary migration 
pathway. 

Discussions of subsurface soil AOIs are grouped by anal yte category: radionuclides, 
VOCs, metals, SVOCs, and PCBs. 

7.4.2.1 Subsurface Soil Radionuclide Migration 

Americium-24 1 

In subsurface soil, americium-241 exists above the WRW PRG in one area, the East 
Trenches, at one depth interval, from 3.0 to 8.0 ft. As discussed in the evaluation of 
americium-241 in surface soil '(Section 7.3.2.1), americium-241 is also identified as an 
A01 in surface water and sediment, but not in groundwater. The subsurface mobility of 
americium-241 is extremely limited because of the low solubility of americium-241 and 
the strong tendency of americium hydroxides to sorb to surfaces. Transport of 
americium-241 from subsurface soil to groundwater is not indicated by the data. 

Based on the geochemistry of americium-241, and its corresponding limited subsurface 
mobility, R E T S  data do not indicate a transport pathway from the americium-241 
subsurface soil inventory to groundwater or surface water. Therefore, subsurface soil is 
identified as a limited migration pathway for americium-241 at R E T S .  
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P1 u toni um-239/240 

In subsurface soil, plutonium-239/240 exists above the WRW PRG at three locations. 
These are in the former 700 Area of the IA (at depth intervals from 3.0 to 8.0 ft and 8.0 to 
12.0 ft), in  the East Trenches (at a depth interval from 3.0 to 8.0 ft), and at the 903 Pad (at 
a depth interval from 3.0 to 8.0 ft). As discussed in the evaluation of plutonium-239/240 
in surface soil (Section 7.3.2.1), plutonium-239/240. is also identified as an A01 in 
surface water, and sediment, but not in groundwater. The subsurface mobility of 
plutonium-239/240 is extremely limited because of the low solubility of plutonium- 
239/240 and the strong tendency of plutonium oxides and hydroxides to sorb to surfaces. 
Transport of plutonium-239/240 from subsurface soil to groundwater is not indicated by 
the data. 

Based on the geochemistry of plutonium-239/240, and its corresponding limited 
subsurface mobility, RFETS data do not indicate a transport pathway from the 
plutonium-239/240 subsurface soil inventory to groundwater or surface water. Therefore, 
subsurface soil is identified as a limited migration pathway for plutonium-239/240 at 
RFETS. 

Uranium-235 and Uranium-238 

In subsurface soil, uranium-235 and uranium-238 exist above the WRW PRG at one 
location, the Ash Pits, at depth intervals from 3.0 to 8.0 ft and 8.0 to 12.0 ft. As 
discussed in the evaluations of uranium-235 and uranium-238 in surface soil (Section 
7.3.2.1), these isotopes are also identified as AOIs in surface soil (in addition to 
subsurface soil). The sum of uranium isotopes is an A01 in groundwater and surface 
water. The dominant transport mechanism for uranium is as a dissolved constituent in 
groundwater or surface water, although it can also be transported in particle form via 
surface erosion (as discussed above in Section 7.3.2.1). The high relative concentration 
of natural uranium in soil at RFETS makes it difficult to distinguish natural background 
uranium from uranium derived from anthropogenic (man-made) sources. The 
differentiation of natural and anthropogenic uranium was evaluated for water media using 
specialized analytical techniques, discussed in Section 7.5.3.1. 

Concentrations of total uranium (sum of isotopes) in groundwater at the Ash Pits are 
detected above the surface water standard, indicating subsurface soil and groundwater 
co-located with elevated uranium (although unsaturated conditions exist here for portions 
of the year). An evaluation of the groundwater in this area concluded that the subsurface 
uranium from the Ash Pits has not impacted the partly saturated groundwater and surface 
water in the area (K-H 20050. 

Although the location with uranium in the subsurface soil above the WRW PRG (at the 
Ash Pits) does not have corresponding elevated activity in groundwater, based on the 
geochemistry of uranium and its dominant dissolved transport in groundwater, subsurface 
soil is identified as a primary migration pathway for uranium at RFETS. 
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7.4.2.2 Subsurface Soil VOC Migration 
- 

Carbon Tetrachloride 

The residual carbon tetrachloride in subsurface soil at concentrations above the WRW 
PRG is detected at seven sampling locations in the 12 to 30 ft depth interval at the 
historical IHSS 118.1 site in the former 700 Area. In addition to subsurface soil, other 
environmental media with carbon tetrachloride identified as an A01 and the locations 
with elevated carbon tetrachloride concentrations that drive the A 0 1  designations, are 
listed below. It is noted that carbon tetrachloride is not identified as an A01 in surface 
soil or sediment. 

Groundwater - North Walnut Creek basin (historical IHSS 118.1), South Walnut 
Creek basin (Oil Bum Pit #2, East Trenches, and 903 Pad [northern flow path]), 
and Woman Creek basin (903 Pad [southern flow path], Ryan’s Pit, and historical 
IHSS 1 19.1 areas); and 

Surface water - South Walnut Creek basin (near the Mound Site discharge 
[location SW061]).’3 

R E T S  data indicate migration of carbon tetrachloride from subsurface soil to 
groundwater. The historical IHSS 118.1 site in the North Walnut Creek basin contained 
carbon tetrachloride above A01 criteria in subsurface soil and groundwater. In 2005, the 
groundwater source and observed dense non-aqueous phase liquid (DNAPL) was 
removed from historical IHSS 118.1, and a biodegradation enhancement product was 
inserted in the groundwater. It is noted that carbon tetrachloride is not detected above the 
surface water standard further downstream in North Walnut Creek in any of the detention 
ponds, nor in any of the detention ponds in South Walnut and Woman Creeks. 

Although an accelerated action has been implemented at historical IHSS 118.1, and 
carbon tetrachloride is not detected in surface water downstream in the detention ponds, 
residual carbon tetrachloride exists in subsurface soil that migrates into groundwater. 
Therefore, subsurface soil is identified as a primary migration pathway for carbon 
tetrachloride at RETS.  

Chloroform 

The residual chloroform in subsurface soil is spatially similar to carbon tetrachloride, 
with concentrations above the WRW PRG at one sampling location, in the 12 to 30 ft 
depth interval, at the historical IHSS 118.1 site. This is expected because chloroform is a 
degradation daughter product of carbon tetrachloride, as discussed in Section 7.5.3.2. In 
addition to subsurface soil, groundwater is the other environmental media with 

l 3  Surface water sample results at two former Building 771 footing drains, in the North Walnut Creek 
watershed, had carbon tetrachloride sample results above the surface water standard, but those drain 
outfalls do not exist in the site’s closure configuration, because of regrading at the site. 
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chloroform identified as an AOI. The groundwater locations with elevated chloroform 
concentrations that drive the A01 designation are listed below. 

Groundwater - North Walnut Creek basin (historical IHSS 118.1), South Walnut 
Creek basin (Mound Site, Oil Bum Pit #2, East Trenches, and 903 Pad [northern 
flow path]), and Woman Creek basin (903 Pad [southern flow path]). 

It is noted that chloroform is not identified as an A 0 1  in surface soil, or sediment, and no 
existing surface water sampling locations have chloroform above the surface water 
~tandard. '~ RFETS data indicate migration of chloroform from subsurface soil to 
groundwater, with spatial distribution in groundwater following patterns generally similar 
to carbon tetrachloride. As discussed in Section 7.2.3, accelerated actions and 
enhancements have been taken at the Moundoil Bum Pit #2, East Trenches, historical 
MSS 118.1, and 903 Pad to reduce the residual quantity of contaminants in soil and 
groundwater. At the historical MSS 118.1 site in the North Walnut Creek basin, 
chloroform is detected in subsurface soil and groundwater at concentrations above the 
respective WRW PRG and surface water standard. However, chloroform does not 
exceed the surface water standard in the detention ponds downstream in North Walnut 
Creek or in any of the detention ponds in South Walnut and Woman Creeks. 

Although accelerated actions and enhancements have been implemented and chloroform 
is not detected above the surface water standard further downstream, residual chloroform 
exists in subsurface soil that migrates into groundwater. Therefore, subsurface soil is 
identified as a primary migration pathway for chloroform at RFETS. 

Methylene Chloride 

The residual methylene chloride in subsurface soil is similar to carbon tetrachloride, with 
concentrations above the WRW PRG at one sampling location in the 12 to 30 ft depth 
interval at the historical IHSS 118.1 site. This is expected because methylene chloride is 
a reductive dechlorination byproduct of carbon tetrachloride. In addition to subsurface 
soil, other environmental media with methylene chloride identified as an AOI, and the 
location with elevated methylene chloride concentrations that drive the A01 designations, 
is listed below. It is noted that methylene chloride is not identified as an A01 in surface 
soil or sediment. 

Groundwater - North Walnut Creek basin (historical MSS 1 18.1) and South 
Walnut Creek basin (Mound Site and Oil Burn Pit #2). 

Surface water - North Walnut Creek drainage (former Building 771) and South 
Walnut Creek drainage (two locations near the Mound Site/Oil Bum Pit #2 and 
one location south of the former Building 991). 

l4 Similar to carbon tetrachloride, surface water sample results for chloroform at two former Building 77 1 
footing drains and one former Building 371 footing drain, all in the North Walnut Creek watershed, had 
chloroform sample results above the surface water standard. However, those drain outfalls do not exist in 
the site's closure configuration because of regrading at the site. 
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R E T S  data indicate migration of methylene chloride from subsurface soil to 
groundwater, with spatial extent similar to carbon tetrachloride. As discussed in Section 
7.2.3, accelerated actions and enhancements have been taken at the Moundoil Bum Pit 
#2, East Trenches, historical MSS 11 8.1, and 903 Pad to reduce the inventory of 
contaminants in soil and groundwater. The historical IHSS 118.1 site in the North 
Walnut Creek basin contains residual methylene chloride above A01 criteria in 
subsurface soil and groundwater. 

Although the extent of methylene chloride in subsurface soil is limited, groundwater and 
surface water are also affected, suggesting migration from subsurface soil to groundwater 
and to surface water. Therefore, subsurface soil is identified as a primary migration 
pathway for methylene chloride at R E T S .  

Tetrachloroethene. 

Residual tetrachloroethene in subsurface soil is detected at concentrations above the 
WRW PRG at several sampling locations, including the carbon tetrachloride plume area 
(located north of the former Building 776/777), Oil Bum Pit #1, Mound Site, Oil Bum Pit 
#2, and south of the former Building 991. tetrachloroethene is detected above the WRW 
PRG at a depth intervals from 3.0 to 8.0 ft  (Oil Bum Pit #2 and south of the former 
Building 991), 8.0 to 12.0 ft (Oil Bum Pit #2), and 12.0 to 30.0 f t  (Oil Bum Pit #2, 
Mound Site, Oil Bum Pit #2, and the carbon tetrachloride plume). In addition to 
subsurface soil, other environmental media with tetrachloroethene identified as an AOI, 
and the locations with elevated tetrachloroethene concentrations that drive the A 0 1  
designations, are listed below. It is noted that tetrachloroethene is not identified as an 
A01 in surface soil or sediment. 

Groundwater - North Walnut Creek basin (IHSS 11 8.1 and PU&D Yard 
locations), South Walnut Creek basin (Mound Site, Oil Bum Pit #2, East 
Trenches, 903 Pad, and former Building 443/444 areas), and Woman Creek basin 
(903 Pad, Ryan’s Pit, and MSS 119.1 areas); and 

Surface water - South Walnut Creek basin (at sampling location SW056 [south of 
the former Building 991]”, and near the Mound Site discharge [locations SW061 
and SW 132]).16 

The R E T S  data identify the migration of tetrachloroethene from subsurface soil to 
surface water.via groundwater transport. The Oil Bum Pit #2/Mound area, in the South 
Walnut Creek basin, is the one location where tetrachloroethene was detected above A01 
criteria for subsurface soil, groundwater, and surface water. Accelerated actions have 

SW056 is the location of the former outfall of a french drain. In October 2005, the french drain was 
disrupted and removed, along with a gravel drain that runs from east-to-west in the same area. In addition, 
a biodegradation enhancement product, Hydrogen Release Compound (HRC), was added to the excavation. 
A monitoring well was installed downgradient from the area. 
l6 A surface water sample result at a Building 771 footing drain, in the North Walnut Creek watershed, had 
a tetrachloroethene sample result above the surface water standard. However, that drain outfall no longer 
exists in the post-accelerated action configuration because the area was regraded. 
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been implemented to remove and mi tigate the subsurface tetrachloroethene, including 
soil removal and groundwater treatment and collection systems at the Mound Site, Oil 
Bum Pit #2, and East Trenches areas (see groundwater fate and transport discussion, 
Section 7.5.3.2). It is further noted that tetrachloroethene is not detected above the 
surface water standard further downstream in South Walnut Creek, in any of the 
detention ponds. The same case applies for North Walnut and Woman Creeks, where 
tetrachloroethene has not been detected in the detention ponds above the surface water 
standard. 

Although tetrachloroethene is not detected in surface water at the POCs above the surface 
water standard, and despite accelerated actions being implemented to remove and 
mitigate the subsurface tetrachloroethene, evaluation of the data indicates the residual 
tetrachloroethene in subsurface soil has an affect on surface water quality in the South 
Walnut Creek drainage. Therefore, subsurface soil is identified as a primary migration 
pathway for tetrachloroethene at RFETS. 

Trichloroethene 

Trichloroethene is present in subsurface soil at concentrations above the WRW PRG at 
two sampling locations in the South Walnut Creek watershed: the East Trenches and Oil 
Bum Pit #2 sites (at a depth interval from 12.0 to 30.0 ft). In addition to subsurface soil, 
other environmental media with trichloroethene identified as an AOI, and the locations 
with elevated trichloroethene concentrations that drive the A01 designations, are listed 
below. It is noted that trichloroethene is not identified as an A 0 1  in surface soil, or 
sediment. 

Groundwater - North Walnut Creek basin (east of the former Building 371), 
South Walnut Creek basin (Mound Site, Oil Bum Pit #2, East Trenches, 903 Pad, 
and former Building 443/444 areas), and Woman Creek basin (903 Pad, Ryan’s 
Pit, and MSS 119.1 areas); and 

Surface water - South Walnut Creek basin (location SW056 [south of the 
Building 991 site], near the Mound Site discharge [location SWO611, and in Ponds 
B-2 and B-4), and Woman Creek basin (seep located between SID and Woman 
Creek, downgradient from the 903 Pad [location SW103001). 

Similar to tetrachloroethene, the data identify the migration of trichloroethene from 
subsurface soil to surface water via groundwater, with the Oil Bum Pit #2/Mound area as 
the one location where trichloroethene was detected above A01 criteria for subsurface 
soil, groundwater, and surface water. Accelerated actions have been implemented to 
remove and mitigate the subsurface trichloroethene, including soil removal and 
groundwater treatment and collection systems at the Mound Site, Oil Bum Pit #2, and 
East Trenches areas (Section 7.5.3.2). Within the South Walnut Creek basin, 
trichloroethene is detected above the surface water standard in Ponds B-2 and B-4, but is 
not detected above the standard in terminal Pond B-5. In the North Walnut and Woman 
Creek basins, trichloroethene is below the surface water standard in all detention ponds. 
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Although trichloroethene is not detected in surface water at the POCs above the surface 
water standard, and despite accelerated actions being implemented to remove and 
mitigate the subsurface trichloroethene, evaluation of the data indicates the residual 
trichloroethene in subsurface soil has an effect on surface water quality in the South 
Walnut Creek drainage. Therefore, subsurface soil is identified as a primary migration 
pathway for trichloroethene at RFETS. 

0 

I, 1,2,2-TetrachIoroethane 

1,1,2,2-Tetrachloroethane is an A 0 1  in subsurface soil only. It is not identified as an A01 
in surface soil, groundwater, surface water, or sediment. Residual 1,1,2,2- 
tetrachloroethane is detected in subsurface soil at concentrations above the WRW PRG is 
detected at one location, in the 12 to 30 ft depth interval, at the historical IHSS 118.1 site 
in the 700 area of the former IA. 

Accelerated actions and enhancements have been implemented in the IHSS 118.1 area. 
In 2005 the groundwater source and observed dense nonaqueous phase liquid (DNAPL) 
was removed from the historical IHSS 1 18.1 area, and an enhanced biodegradation 
product was inserted in the groundwater. These actions should further retard future 
migration of 1,1,2,2-tetrachloroetharie in subsurface soil. 

Based on its limited spatial extent in RFETS subsurface soil, the accelerated actions that 
have been implemented in the historical IHSS 118.1 area, and the lack of effect on other 
environmental media, subsurface soil is identified as a limited migration pathway for 
1,1,2,2-tetrachloroethane at RFETS. 0 
7.4.2.3 Subsurface Soil Metal Migration 

Chromium 

Residual total chromium in subsurface soil is detected above the WRW PRG in the 
former IA in several locations, including the former 700 and 400 Areas, East Trenches, 
and Ash Pits. In addition to surface soil, other environmental media with chromium 
identified as an AOI, and the locations with elevated chromium concentrations that drive 
the A01 designations, are listed below. 1 

Groundwater - North Walnut Creek basin (former Building 771 area), South 
Walnut Creek basin (East Trenches area), and Woman Creek basin (near 903 Pad 
and 881 Hillside areas); 

Surface water - North Walnut Creek basin (SEP and former 700 Area), South 
Walnut Creek basin (southern former 700 Area that drains into South Walnut 
Creek, and other portions of the former central IA), and Woman Creek basin 
(western Woman Creek, upgradient from the former IA [station GS06J); and 

Sediment - North Walnut Creek basin (upstream from Pond A-1, and in Ponds A- 
1 and A-2), South Walnut Creek basin (former 700 and 400 Areas), and Woman 
Creek basin (600 Area tributary to the SID). 
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As discussed above in Section 7.3.2.2, one chromium transport mechanism is via 
groundwater transport. Under oxidizing conditions, chromium(V1) may remain dissolved 
as the chromate anion, and may be highly mobile in groundwater. At the East Trenches 
and former 700 Areas, elevated concentrations of chromium are detected in both the 
subsurface soil and groundwater. 

Based on the geochemistry of chromium, and its co-located detection at elevated 
concentrations in subsurface soil and groundwater, subsurface soil is identified as a 
primary migration pathway for chromium at RFETS. 

Lead 

Residual lead in subsurface soil at concentrations above the WRW PRG is detected in the 
South Walnut Creek basin (former 400 Area) and Woman Creek basin (Ash Pits and 
former firing ranges on the north and south sides of Woman Creek). 

In addition to subsurface soil, lead was identified as an A01 in surface water. Lead is not 
identified as an A01 in surface soil, groundwater, sediment, or air. The locations with 
elevated lead concentrations that drive the surface water A01 designation are listed 
below: 

Surface water - North Walnut Creek basin (former Building 779 watershed in the 
former IA), South Walnut Creek basin (southeast portion of the former IA [station 
GS381, and the eastern portion of the former Central Avenue Ditch), Woman 
Creek basin (western Woman Creek, upgradient from the former IA [station 
GS06]), and Rock Creek basin (quarry discharge to Rock Creek). 

The locations of subsurface soil with elevated concentrations of lead do not definitively 
correspond with surface water locations that have elevated lead concentrations, other than 
a general association with the former 400 Area. This is not unexpected, because lead is 
typically retained strongly in soil, with migration in the environment generally associated 
with particle transport (that is, colloidal particles or larger particles of lead carbonate, 
lead oxide, lead hydroxide, or other lead compounds). Therefore, inventories of lead in 
subsurface soil are likely contributing little to surface water. Based on the residual lead 
in subsurface soil and its migration characteristics, subsurface soil is identified as a 
limited migration pathway for lead at RFETS. 

7.4.2.4 Subsurface Soil SVOC Migration 

Benzo(a)p yrene 

Residual benzo(a)pyrene is present in subsurface soil in several locations throughout the 
IA OU, including former 300 and 700 Areas, East Trenches, and 881 Hillside area. 
Benzo(a)pyrene is not an A01 in groundwater, because high molecular weight PAHs 
have a tendency to adsorb to organic carbon and thus have somewhat limited mobility in 
the subsurface (Southworth 1979). Although benzo(a)pyrene is detected as an A01 in 
surface water, the benzo(a)pyrene detected in surface water is attributed to residual 
benzo(a)pyrene in surface soil and/or sediment. 
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Based on its migration characteristics, benzo(a)pyrene is identified as having limited 
migration in subsurface soil at RFETS. 1 

~ 7.4.2.5 Subsurface Soil PCB Migration 

PCB- 1260 

PCB-1260 is detected in subsurface soil above the WRW PRG in a localized area, the 
700 Area of the former IA. PCB-1260 is not a groundwater AOI, because PCBs do not 
leach extensively and are strongly sorbed to soil as a result of low water solubility 
(Sklarew and Girvin 1987). PCBs tend to have moderate persistence in the environment, 
with half-lives on the order of months to years (Gan and Berthouex 1994; Kohl and Rice 
1998). 

Based on its limited mobility in the subsurface, moderately limited persistence, and lack 
of impact on groundwater or surface water at RFETS, PCB-1260 is identified as having 
limited migration in subsurface soil at R E T S .  

7.4.3 Subsurface Soil Contaminant Fate and Transport - Summary and 
Conclusions 

Fourteen subsurface soil AOIs were identified in the soil nature and extent section 
(Section 3.0). These are: 

/- 

Radionuclides - Americium-24 1 , plutonium-239/240, uranium-235, and uranium- 
238; 

VOCs - Tetrachlorethene, trichloroethene, 1 , 1,2,2-tetrachIoroethane, carbon 
tetrachloride, chloroform, and methylene chloride; 

Metals - Chromium and lead; 

SVOCs - Benzo(a)pyrene; and 

PCBS - PCB-1260. 

Based on the general environmental behavior characteristics of these AOIs, as well as 
other considerations such as persistence in the environment, distribution in environmental 
media at RFETS (other than subsurface soil), and the potential to impact surface water 
quality, each A01 is grouped into one of two general fate and transport categories as 
follows: 

AOIs with limited migration in subsurface soil; and 

AOIs with subsurface soil as a primary migration pathway. 

The groups of AOIs are listed below, along with a brief summary for each analyte 
regarding its presence in other media, as well as the dominant transport mechanisms that 
influence its migration in the R E T S  environment. 
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AOIs With Limited Migration in Subsurface Soil 

Radionuclides 

Americium-241 (A01 in surface soil, surface water, and sediment in addition to 
subsurface soil) -Due to low solubility, subsurface migration is limited. 
Migration occurs primarily by erosion of surface soil. 

Plutonium-239/240 (A01 in surface soil, surface water, and sediment in addition 
to subsurface soil) - Due to low solubility, subsurface migration is limited. 
Migration occurs primarily by erosion of surface soil. 

vocs 
1,1,2,2-TetrachIoroethane (A01 in subsurface soil only) - Isolated occurrence in 
subsurface soil above the WRW PRG, at the historical IHSS 118.1 location, 
results in no apparent impact on any other media at RFETS. 

Metals 

Lead (A01 in surface water in addition to subsurface soil) - Due to low solubility, 
subsurface migration is limited. Migration occurs primarily by erosion of surface 
soil. 

svocs 
0 

PCBs 
0 

Benzo(a)pyrene (A01 in sediment in addition to subsurface soil) - Due to low 
solubility, subsurface migration is limited (migration occurs primarily by erosion 
of surface soil). It is relatively short-lived in the environment (half-life up to 
several hundred days). 

PCB-1260 (A01 in surface soil in addition to subsurface soil) - Due to low 
solubility, subsurface migration is limited (migration occurs primarily by erosion 
of surface soil). It has moderate persistence in the environment (half-life from 
months to years). 

AOIs With Subsurface Soil as a Primary Migration Pathway 

Radionuclides 

Uranium-235 (A01 in surface soil in addition to subsurface soil) - Although 
uranium-235 is not a groundwater AOI, total uranium is. Migration occurs 
partially by surface erosion, but primarily by dissolved groundwater transport. 
Uranium-235 persists essentially indefinitely in the environment, based on its 
long radioactive half-life. 

Uranium-238 (A01 in surface soil and sediment in addition to subsurface soil) - 
Although uranium-238 is not a groundwater AOI, total uranium is. Migration 
occurs partially by surface erosion, but primarily by dissolved groundwater 
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transport. Uranium-238 persists essentially indefinitely in the environment, based 
on its long radioactive half-life. 

vocs 
Chloroform (A01 in groundwater and surface water in addition to subsurface soil) 
- Migration occurs primarily by subsurface transport from soil to groundwater, 
with potential discharge to surface water. 

Carbon tetrachloride (A01 in groundwater and surface water in addition to 
subsurface soil) - Migration occurs primarily by subsurface transport from soil to 
groundwater, with potential discharge to surface water. 

Methylene chloride (A01 in groundwater and surface water in addition to 
subsurface soil) - Although limited in extent in all media, migration of methylene 
chloride occurs primarily by subsurface transport from soil to groundwater, with 
potential discharge to surface water. 

Tetrachlorethene (A01 in groundwater and surface water in addition to subsurface 
soil) - Migration occurs primarily by subsurface transport from soil to 
groundwater, with potential discharge to surface water. 

Trichlorethene (A01 in groundwater and surface water in addition to subsurface 
soil) - Migration occurs primarily by subsurface transport from soil to 
groundwater, with potential discharge to surface water. 

The transport of VOCs from subsurface soil to groundwater is an important 
migration pathway and is measured through the use of monitoring wells. An 
additional transport mechanism in subsurface soil, the migration of VOCs from 
subsurface soil to air, is also recognized but is not monitored. That pathway is 
briefly discussed in the air contaminant fate and transport text (Section 7.8) the 
CRA (Section 8.0) and is evaluated in Appendix A, Volume 2, Attachment 4. 

Metals 

Chromium (A01 in surface soil, groundwater, surface water, and sediment in 
addition to subsurface soil) - Migration occurs as groundwater transport and 
erosion of surface soil. Subsurface soil locations are co-located with areas of 
elevated groundwater concentrations. 

As summarized above, seven of the fourteen subsurface soil AOIs were identified with 
subsurface soil as a primary migration pathway. These analytes are uranium-235, 
uranium-238, methylene chloride, tetrachloroethene, trichloroethene, carbon 
tetrachloride, and chromi um. 

The remaining seven AOIs have limited extent and limited observable migration in 
subsurface soil at RFETS. Based on an evaluation of their transport characteristics and 
distribution in RFETS environmental media, these seven subsurface soil AOIs are not 
likely to migrate extensively in subsurface soil at RFETS and therefore are unlikely to 
pose an eventual threat to surface water quality compliance at the POC locations. 
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This assessment of the migration characteristics of the subsurface soil AOIs is carried 
forward to the integrated pathway analysis in Section 7.9. 

7.5 Groundwater Contaminant Fate and Transport 

In accordance with RFCA, protection of surface water quality is the basis for 
groundwater cleanup and management decisions (CDPHE et al. 1996). Results of 
historical and recent investigations and modeling of chemical fate and transport in 
RFETS groundwater are summiuized, as appropriate, and interactions between 
groundwater and other environmental media are also considered where relevant. 

7.5.1 Groundwater AOIs 

Eighteen groundwater AOIs were identified in the groundwater nature and extent of 
contamination section (Section 4.0). These are: 

0 

0 

0 

0 

7.5.2 

Radionuclides - Uranium (sum of isotopes uranium-233/234, uranium-235, and 
urani um-23 8)”; 

VOCs - cis-l,2-dichloroethene, l72-dich1oroethane, 1,l -dichloroethene, benzene, 
carbon tetrachloride, chloroform, chloromethane, methylene chloride, 
tetrachloroethene, trichloroethene, and vinyl chloride; and 

Metals - Arsenic (dissolved), chromium (total), nickel (dissolved), and nickel 
(total); and 

Water quality parameters -Fluoride and nitratehitrite (as N). 

Contaminant Fate and Transport Mechanisms in Groundwater 

A conceptual model of general fate and transport processes influencing groundwater is 
shown as Figure 7.3. Hydrologic, chemical, and radiological processes depicted on 
Figure 7.3 that control the fate and transport of AOIs in groundwater are addressed in 
Section 7.2 and summarized in Table 7.3. 

In accordance with the Fiscal Year 2005 (FY05) Integrated Monitoring Plan (IMP) (K-H 
2005e), potential impacts from groundwater to surface water quality are measured at 
sentinel and Area of Concern (AOC) wells. The AOC and sentinel well locations are 
shown on Figure 7.4 and are defined in the FY05 IMP as follows: 

AOC wells - Wells that are within a drainage and downgradient of a contaminant 
plume or group of contaminant plumes. These wells will be monitored to 
determine whether the plume(s) are discharging to surface water. These wells 
will also be monitored for water levels. 

Sum of uranium isotopes uranium-233/234, uranium-235, and uranium-238 is based on activity 17 

measurements for each monitoring location and sampling event having data. Therefore, uranium isotopes 
are a calculated result that represents total uranium. 

a 

a 
DENIE032005011 .DOC 7-32 



RCRA Facility Investigation-Remedial Investigation/ 
Corrective Measures Study-Feasibility Study Report 

Section 7.0 
Contaminant Fate and Transport 

Sentinel wells - Wells that are typically located near downgradient contaminant 
plume edges, in drainages, and at and downgradient of existing groundwater 
treatment systems. These wells will be monitored to determine whether 
concentrations of contaminants are increasing, and for water levels. 

Table 7.4 lists the AOC and sentinel wells and their relationship with the groundwater 
contaminant plumes (K-H 200%). In the Groundwater M I R A ,  historical data for each 
AOC and sentinel well were either statistically trended (if there were sufficient data) or 
evaluated with time-series analyses against surface water standards. AOIs were 
evaluated to detem‘ine whether accelerated actions were necessary to address them. 

This approach has been adopted in this RUFS for evaluating potential surface water 
impacts from groundwater contamination plumes’*. It will be used, along with the results 
of VOC transport modeling and with consideration of environmental persistence, to 
assess A01 fate and transport in groundwater. 

7.5.3 Migration of Groundwater AOIs 

This section presents the current distribution of contaminants in R E T S  groundwater and 
provides an evaluation of the extent of their migration and potential impact on surface 
water. Table 7.4 summarizes the main areas with groundwater contaminant plumes for 
each AOI. Although two dozen areas of contamination have been identified, it is 
apparent, as shown on the table, that the majority of the groundwater AOIs are VOCs 
associated with plumes. 

The areal extent of the AOIs and delineation of contiguous, mappable plumes1’ for recent 
groundwater quality data are shown on Figure 7.6 through Figure 7.22. It is noted the 
plume figures are different than the figures shown in the groundwater nature and extent 
section (Section 4.0), which present the most recent groundwater results by well, without 
the interpreted plumes. 

Persistence of an A01 is one measure of its fate in the environment. It is based upon the 
type of residual contamination and its physical, chemical, and radiological processes in 
the environment, as discussed in Section 7.2. Stable metals have the longest persistence 
and will remain in the environment indefinitely. Most of the radionuclide AOIs at 
RFETS also have essentially indefinite persistence due to their long half-lives. For 
example, uranium-238 remains in the environment nearly indefinitely, with a half-life 
exceeding 4 billion years. 

The data set used in the RI/FS includes approximately 6 months additional data from that used in the 
Groundwater IWIRA. However, given the very low groundwater (and associated contaminant) transport at 
RFETS, the recent data are consistent with the historical data making the Groundwater IM/IRA data set 
valid for the AOC and sentinel well comparisons. 
l9 A contiguous, mappable plume is defined by three or more adjacent wells that represent a contaminant 
area with sufficient spacial extent that are above a defined “level” (see the Groundwater IM/IRA for more 
details) (K-H 2005~) .  
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Dense solvents (such as tetrachloroethene, trichloroethene, and carbon tetrachloride) may 
pool on impermeable sediments or bedrock to form a separate phase called DNAPL. 
DNAPLs sometimes migrate under the action of gravity at different velocities and 
sometimes in different directions relative to associated groundwater. Capillary forces 
may retain residual pockets of DNAPL at various depths in the porous medium (subsoil). 
DNAPLs have been identified and remediated down to the Upper Hydrostratigraphic 
Unit (UHSU) water table by soil excavation at historical MSS 118.1, at Oil Burn Pits #1 
and #2, and in some of the East Trenches (T-3 and T-4). 

Recent U.S. Environmental Protection Agency (EPA) findings indicate that, dependent 
on the type of residual DNAPL contamination, a given VOC could persist in the 
environment from decades to hundreds of years (EPA 2003) (Attachment 1). This is the 
case at RFETS, even with source removal accelerated actions.20 

To mitigate groundwater A01 migration, accelerated actions have been implemented that 
are reasonable and practicable, based on environmental conditions and the type of 
residual contamination. For example, groundwater treatment systems (including the 
SPPTS, MSPTS, and SPPTS [described in Section 7.2.31) treat groundwater AOIs prior 
to being discharged to surface water and were constructed within the constraints of the 
local site hydrogeology and topography. Enhancements to groundwater treatment 
systems have also been implemented, where practicable, as outlined in the Groundwater 
M I R A  (K-H 2005b). The groundwater treatment systems affect the fate and transport 
of groundwater contaminants and, therefore, must be retained to protect surface water 
quality from potential groundwater impacts over the short term and intermediate term 
periods. 

Based on the nature and extent of the groundwater AOIs (Section 4.0), the general 
environmental behavior characteristics of these AOIs, as well as other considerations 
such as persistence in the environment, distribution in environmental media at RFETS 
(other than groundwater), affect of accelerated actions (such as groundwater treatment 
systems), and the resulting potential to impact surface water quality, each groundwater 
A01 is grouped into one of two general fate and transport categories. These categories 
are: 

AOIs with limited migration in groundwater - AOIs are designated as having 
limited migration if their general environmental migration characteristics, and 
data from other media, indicate their distribution in groundwater is limited. If 
significant migration of the A01 from groundwater to surface water is determined 
to be unlikely, particularly at the surface water POCs, then the A01 is designated 
as having limited migration and extent in groundwater. 

2o A one-dimensional estimate was conducted using the Buschek and Alcantar method (K-H 2004c) 
(considered to be at the low end of the range for half-life estimates). Based on data and modeling at 
RFETS, it is likely that VOC sources and associated downgradient groundwater concentrations will persist 
for decades to hundreds of years, if not longer, even with source removal (considered to be the upper.range 
for half-life estimates) (see Table 7.2 and Attachment 1 for details). 
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AOIs with groundwater as a primary migration pathway - AOIs are designated as 
having groundwater as a primary migration pathway if it is determined, based on 
an AOI’s general environmental migration characteristics and data from other 
media, that the A01 is migrating extensively from groundwater to other media. In 
particular, if significant migration of the A01 from groundwater to surface water 
is determined to be reasonably likely, especially at the surface water POCs, then 
the A01 is designated as having groundwater as a primary migration pathway. 

Discussions of groundwater AOIs are grouped by analyte category: radionuclides, VOCs, 
metals, and water quality parameters. 

7.5.3.1 Groundwater Radionuclide Migration 

Uranium Isotopes 

Mappable, contiguous plumes of uranium (sum of isotopes uranium-233/234, uranium- 
235, and uranium-238), using recent upper hydrostatigraphic unit (UHSU) groundwater 
data, are displayed on Figure 7.20. It shows the plumes occur at and downgradient of the 
former SEP. Data from 2000 through 2005 indicate the highest uranium isotope activities 
were approximately 500 pCi/L. The highest concentrations of uranium are decreasing in 
groundwater beneath the SEP. This attenuation is probably due to sorption to the porous 
medium, dispersion, and dilution as the plume migrates. 

Accelerated actions (excavation of pond sludge and soil removal) were performed at the 
former SEP area, and the area has been regraded. Thus, the contaminant source has been 
removed, and the groundwater uranium plumes are expected to slowly attenuate through 
dispersion and dilution from groundwater recharge. Installed in 1999, the SPPTS 
continues to treat uranium-contaminated groundwater migrating from the SEP toward 
North Walnut Creek. 

a 

Since 1999, R E T S  groundwater and surface water samples from select locations have 
been sent to Los Alamos National Laboratory (LANL) for High-Resolution Inductively 
Coupled PlasmdMass Spectrometry (HR ICPMS) and Thermal Ionization Mass 
Spectrometry (TIMS) analyses. These analyses measure mass ratios of the four uranium 
isotopes (masses 234,235,236, and 238). Isotopic ratios provide a signature that 
indicates whether the source of uranium is natural or anthropogenic (man-made). The 
pre-2005 data are summarized in a report on uranium in the RFETS surface soil, surface 
water, and groundwater (K-H 2004b) and the Groundwater M I R A  (K-H 2005~).  These 
data have been compiled into a LANL report provided in Attachment 4 to this section. 

The LANL report provides a summary of the HR ICPMS and TIMS results and 
calculations of uranium isotopic mixtures (mixtures of natural and anthropogenic 
[enriched and depleted] uranium). The analysis concludes that the uranium in the UHSU 
groundwater and surface water is predominantly from natural uranium sources. 
However, a portion of the uranium in isolated areas does have uranium from 
anthropogenic sources (primarily depleted uranium). Locations with fraction of 
anthropogenic uranium in groundwater include the SEP area, as well as other isolated a 
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areas (Ryan’s Pit, Original Landfill, Trench T-1, East Trenches, and Mound areas) 
though not necessarily at concentrations above the surface water standard, as shown on 
Figure 7.20. The only contiguous mappable area of anthropogenic uranium is in the SEP 
area; all the AOC and sentinel wells in the North Walnut Creek drainage show a 
dominance of natural uranium. In South Walnut Creek, sentinel wells 00997 and 23296 
show a minor depleted component to the mixture, although also dominated by a natural 
signature. Surface water samples from North and South Walnut and Woman Creeks 
show mixtures of depleted and natural uranium; they are also dominated by natural 
uranium. 

In conclusion, the total uranium (sum of uranium isotopes) activities appear in UHSU 
groundwater beneath the SEP area. The SPPTS. action and phytoremediation 
enhancements taken impede the migration of uranium isotopes; however, uranium will 
persist in the environment because of the long half-lives of its isotopes. Despite the 
presence of the SPPTS, total uranium at surface water sampling station GS13 (located 
upstream from the A-series ponds in North Walnut Creek) is periodically detected above 
the surface water standard (K-H 2005d), though it is noted that surface water quality 
further downstream at the POCs is compliant with the uranium surface water standard. 
Based on the measured impacts to surface water quality, groundwater is identified as a 
primary migration pathway for uranium at RFETS. 

7.5.3.2 Groundwater VOC Migration 

The VOC AOIs include the common chlorinated solvents carbon tetrachloride, 
tetrachloroethene, and trichloroethene. They also include the solvent degradation 
daughter products chlorofom, methylene chloride, cis-1,2-dichloroethene, 1,l- 
dichloroethene, 1,2-dichloroethane, and vinyl chloride. Degradation chains for these 
AOIs are presented on Figure 7.23. Benzene is an additional VOC that is an A01 in 
RFETS groundwater. 

VOC Transport Modeling 

Transport modeling of VOC migration in UHSU groundwater focused on 
tetrachloroethene and carbon tetrachloride (and their degradation products). The 
modeling was conducted to evaluate the movement and fate of each VOC in potential 
groundwater discharge areas that may impact surface water quality (K-H 2004b, 2005b, 
2005d). The modeling scope included: 

Review of all historical UHSU water quality data; 

Development of a flow and transport model using historical conditions to 
determine appropriate parameter values; and 

Adaptation of the flow and transport model to the post-accelerated action 
configuration to predict long-term or maximum groundwater VOC concentrations 
that may discharge to surface water. 

In summary, model results compared with draft surface water PRGs (and revised results 
compared with surface water standards) indicate the plume signature areas listed below 

1-36 DENE03200501 1 .DOC 



RCRA Facility Investigation-Remedial Investigation/ Section 7.0 
Corrective Measures Study-Feasibility Study Report Contaminant Fate and Transport 

have at least one model simulation of post-accelerated action conditions with predicted 
long-term trichloroethene or carbon tetrachloride concentrations in groundwater 
discharge at concentrations above the draft surface water PRGs (K-H 2004b) and surface 
water standards (K-H 2005b). The modeling results indicate that four areas have 
potential groundwater discharge areas above surface water standards. These areas are: 

a 

East Trenches area. 

Carbon tetrachloride plume (historical IHSS 118.1 area); 

Ryan’s Pit and 903 Pad area; 

Oil Bum Pit #2/Mound area; and 

Further discussion of the VOC transport modeling is provided in Attachment 2 to this 
section and in the Groundwater IM/IRA (K-H 20050. The VOC modeling also noted 
that there were steady well concentration trends suggesting that residual contamination 
had reached steady-state, which could be indicative of residual DNAPLs that typically 
produce constant long-term dissolved-phase concentrations in groundwater (K-H 2005f, 
2004b). 

Evaluation of VOC Groundwater Data 

Eight unique VOC AOIs have been identified with contiguous, mappable plumes, 
consistent with the analysis in the Groundwater IM/IRA. The A01 plumes, based on 
interpretation of the groundwater A01 data presented in the groundwater nature and 
extent of contamination section (Section 4.0), are illustrated on Figure 7.6 through Figure 
7.15. Summaries of the A01 plumes and detections at AOC and sentinels wells are 
provided below. 

0 

cis-1,2- Dichloroethene 

cis-172-dichloroethene is the result of reductive dechlorination of trichloroethene (K-H 
2005b). The areal extent of mappable cis-172-dichloroethene in UHSU groundwater with 
concentrations greater than or equal to the surface water standard is limited (less than 20 
wells). Detections in groundwater above the surface water standard are confined 
primarily to the area downgradient from the Oil Bum Pit #2/Mound site, as well as 
isolated occurrences north-northeast of the former Building 444, and near the Oil Bum 
Pit #1 (Figure 7.12). Based upon trending analyses and time-series evaluations in the 
Groundwater M I R A ,  cis-1,2-dichloroethene has not been detected at any AOC wells. It 
has been observed at sentinel wells 23296 (downgradient of the ETPTS) and we1115699 
(Mound Site). 

Soil and groundwater accelerated actions and enhancements have been taken at the East 
Trenches and the Mound to reduce the residual soil concentrations, treat contaminated 
groundwater, and enhance the groundwater not captured by the ETPTS. cis-1,2- 
dichloroethene has been observed in surface water (SW056), but not in any of the North 
Walnut Creek or Woman Creek detention ponds. a 
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Although the extent of cis-l,2-dichloroethene is limited in groundwater, residual 
contamination exists in subsurface soil and groundwater that could potentially impact 
surface water, particularly in South Walnut Creek. Therefore, groundwater is identified 
as a primary migration pathway for hs-l,2-dichloroethene at RFETS. 

I 1,2-Dichloroethane 

1,2-DichIoroethane is the biodegradation product of 1,l -dichloroethene. The 1,2- 
dichloroethane occurrences are associated with the Mound area (Figure 7.14). 1,2- 
Dichloroethane has not been observed at any AOC well; however, it has been observed at 
well 15699 in the Mound area. The MSPTS was installed in 1999 to capture this 
groundwater contamination. As such, due to its limited extent and its capture by the 
MSPTS, groundwater is identified as a limited migration pathway for 1,2-dichIoroethane 
at RFETS. 

~ 1,l-Dichloroethene 

1,l-Dichloroethene is the product of reductive dechlorination of trichloroethene and 
1,l ,I-trichloroethane. The areal extent of mappable, contiguous 1,l-dichloroethene 
plumes with contamination greater than the surface water standard is confined primarily 
to the Oil Bum Pit #2, Mound Site area, East Trenches area, OUl (historical IHSS 
119.1), and IA Plumes (Figure 7.13). 1,l-Dichloroethene has not been observed at any 
AOC wells; however, it has been observed at one sentinel well, well 15699 in the Mound 
area. The MSPTS was installed as an accelerated action to treat contaminated 
groundwater. Based on the limited extent of 1,l-dichloroethene in groundwater, and its 
lack of impact on surface water quality, groundwater is identified as a limited migration 
pathway for 1,l-dichloroethene at RFETS. 

I Benzene 

Benzene is detected in groundwater in a localized area at, the Present Landfill (Figure 
7.5). Further migration is inhibited by the Present Landfill seep treatment system. ' 

Benzene has relatively short-term persistence in the environment. Based on its limited 
extent in groundwater and the accelerated action implemented to address potential 
impacts to surface water, groundwater is identified as a limited migration pathway for 
benzene at RFETS. 

I Carbon Tetrachloride 

Carbon tetrachloride was detected in subsurface soil (Section 7.4.2.2) and is a widespread 
constituent in groundwater. Mappable, contiguous carbon tetrachloride plumes are 
primarily found near the former Building 771 (historical MSS 1 lS.l), MoundOil Bum 
Pit #2, the East Trenches, 903 Pad, and at OU 1 (historical IHSS 119.1) (Figure 7.6). As 
discussed in Section 7.2.3, soil and groundwater accelerated actions and enhancements 
have been taken at the Moundoil Bum Pit #2, East Trenches, historical IHSS 118.1, 
OU1, and 903 Pad to reduce the contaminants in soil and treat contaminated 
groundwater. 
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Based upon trending analyses and time-series evaluations in the Groundwater IM/IRA, 
carbon tetrachloride has not been detected at any AOC wells. However, it has been 
detected at several sentinel wells, including well 23296 downgradient of the ETPTS, well 
91203 at the Oil Bum Pit #2, well 04091 in the eastern BZ (although modeling [Plume 
Signature Area (PSA) East] showed it would not reach surface water above the standard 
[K-H 2005fJ), and well 90399 in the southern flow path downgradient of the 903 Pad. 

0 

Accelerated actions and enhancements have been implemented for carbon tetrachloride. 
However, carbon tetrachloride has been detected in North and South Walnut Creeks, even 
though it is not detected above the surface water standard farther downstream in the 
detention ponds or in Woman Creek. Residual groundwater contamination exists that 
could potentially impact surface water. Therefore, groundwater is identified as a primary 
migration pathway for carbon tetrachloride at FWETS. 

Chloroform 

Chloroform is likely a result of the reductive dechlorination of carbon tetrachloride. The 
largest defined area with elevated chloroform contamination occurs near the carbon 
tetrachloride plume (historical IHSS 1 18.1), 903 Pad and Ryan’s Pit, East Trenches, Oil 
Bum Pit #2/Mound areas (Figure 7.7). The remaining chloroform occurrences are 
localized, generally within known areas of VOC groundwater contamination, such as the 
700 Area Northeast Plume, OUl  (historical MSS 119. l), and near the 800 area. 

Based upon trending analyses and time-series evaluations in the Groundwater IM/IRA, 
chloroform has not been detected above the surface water standard at any AOC wells; 
however, it has been detected at several sentinel wells above the surface water standard, 
including well 23296 (downgradient of the ETPTS), well 15699 (in the Mound area), 
wells 91203 and 15699 (Oil Bum Pit #2), and well 90399 (along the southern flow path 
of the 903 Pad). As discussed in Section 7.2.3, accelerated actions and enhancements 
have been taken at the MoundOil Bum Pit #2, East Trenches (installation of the ETPTS), 
historical IHSS 118.1, and 903 Pad to reduce the residual soil contamination and treat 
contaminated groundwater. 

Accelerated actions and enhancements have been implemented for chloroform. 
Chloroform has been observed in North Walnut Creek, but it has not been detected above 
the surface water standard farther downstream in any of the detention ponds in North and 
South Walnut and Woman Creeks. However, residual contamination remains in 
subsurface soil andor groundwater that has the potential to impact surface water. 
Therefore, groundwater is identified as a primary migration pathway for chloroform at 
R E T S .  

Chloromethane 

Chloromethane is likely a result of the reductive dechlorination of carbon tetrachloride, 
chloroform, and methylene chloride. It is detected in groundwater in limited extent in the 
historical IHSS 118.1 area (Figure 7.8). Impacts to surface water are not detected. Based a 
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on its limited extent in groundwater and-lack of impacts to other media, groundwater is 
identified as a limited migration pathway for chloromethane at RFETS. 

Methylene Chloride 

Methylene chloride is likely a result of the reductive dechlorination of carbon 
tetrachloride and chloroform. Based on the most recent data, less than 20 UHSU wells at 
R E T S  have methylene chloride concentrations greater than the surface water standard. 
These methylene chloride concentrations are limjted in areal extent and do not form 
extensive contaminant plumes (Figure 7.9). The largest defined area of methylene 
chloride contamination occurs near historical IHSS 118.1, which is logical because 
methylene chloride is a daughter product of the reductive dechlorination of carbon 
tetrachloride, which has been detected in this historical IHSS. The remaining methylene 
chloride occurrences are localized, generally occurring within known areas of VOC 
groundwater contamination, such as the Mound Oil Bum Pit #2 and East Trenches areas. 
However, despite the localized, isolated occurrence of methylene chloride in 
groundwater, it is detected in surface water in South Walnut Creek, downgradient from 
the Oil Bum Pit#2/Mound Site area (although not at the South Walnut Creek terminal 
pond, Pond B-5). 

Therefore, although methylene chloride has limited extent in RFETS groundwater, based 
on the detection in surface water in South Walnut Creek, groundwater is identified as a 
primary migration pathway for methylene chloride at RFETS. 

Tetrachloroethene 

Tetrachlorethene is one of the most common and widespread groundwater AOIs. The 
predominant mappable, contiguous tetrachloroethene plumes occur in the East Trenches, 
903 Pad (northern and southern flow paths), Ryan’s Pit, the Oil Bum Pit #2/Mound Site, 
former Buildings 443/444, and former Building 771 (historical IHSS 118.1) areas (Figure 
7.10). All of these plumes are associated with known VOC soil and groundwater residual 
contamination. Smaller tetrachloroethene plumes and localized occurrences are found in 
700 Area Northeast plume area, OU1 (historical IHSS 119.1), the former PU&D Yard, 
and throughout the IA. The spatial tetrachloroethene distribution suggests that several 
areas of residual contamination likely contribute to these localized tetrachloroethene 
occurrences (K-H 2005~). 

Based upon trending analyses and time-series evaluations in the Groundwater IWIRA, 
tetrachloroethene has not been detected at any AOC wells. Tetrachlorethene has been 
observed at sentinel wells, namely wells 95199 and 23296 downgradient of the ETPTS, 
well 15699 in the Mound plume, 90299 and 90399 downgradient of the 903 Pad and well 
99301 downgradient-of the former Building 991. Tetrachlorethene was also detected at 
well 04091 in the eastern BZ although transport modeling (PSA East) showed that it 
would not reach surface water above standards (K-H 2005c), and the results are near the 
surface water standard. 
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As discussed in Section 7.2.3, soil and groundwater accelerated actions and 
enhancements have been taken at the Moundoil Bum Pit #2, East Trenches, historical 
MSS 118.1, and 903 Pad to reduce the residual soil contamination and treat contaminated 
groundwater. 

0 

Accelerated actions and enhancements have been implemented for tetrachloroethene. 
However, tetrachloroethene has been detected in North and South Walnut Creeks, even 
though it is not detected above the surface water standard farther downstream in the 
detention ponds or in Woman Creek. Residual groundwater contamination exists that 
could potentially impact surface water. Therefore, groundwater is identified as a primary 
migration pathway for tetrachloroethene at RFETS. 

Trichloroethene 

Trichlorethene is the most common and widespread CAH in groundwater at RFETS. 
Besides its use on site, it is a reductive dechlorination product of tetrachloroethene. The 
predominant trichloroethene plumes occur in the East Trenches area, 903 Pad (northern 
and southern flow paths) Ryan’s Pit, and Oil Bum Pit #2/Mound Site (Figure 7.1 1). 
Smaller trichloroethene plumes are found in the 700 Area Northeast plume area, along 
the unnamed drainage between former Buildings 371/374 and 771,OUl (historical IHSS 
119.1), former Building 444, the former PU&D YardPresent Landfill area, and the IA 
Plume areas with residual contamination. The spatial distribution of trichloroethene 
suggests that several areas with residual contamination likely contribute to these localized 
trichloroethene occurrences (K-H 200%). 0 
Based upon trending analyses and time-series evaluations in the Groundwater IM/IRA, 
trichloroethene has not been observed at any AOC wells. It has been detected at several 
sentinel wells, namely wells 23296 and 95199 downgradient of the ETPTS, well 15699 in 
the Mound area, wells 90299 and 90399 along the southern flow path of the 903 Pad, and 
well 99301 adjacent to the former Building 991 (although this does not form a 
contiguous, mappable plume). 

As discussed in Section 7.2.3, accelerated actions and enhancements have been taken at 
the Moundoil Bum Pit #2, East Trenches, historical IHSS 118.1, and 903 Pamyan’s Pit 
to reduce the residual soil contamination and treat contaminated groundwater. Even 
though accelerated actions and enhancements have been implemented for trichloroethene, 
trichloroethene has been detected above surface water standards in North and South 
Walnut and Woman Creeks. Residual contamination exists in subsurface soil and 
groundwater that could impact surface water, especially in South Walnut Creek. 
Therefore, groundwater is identified as a primary migration pathway for trichloroethene 
at RFETS. 

Vinyl Chloride 

The distribution of vinyl chloride is limited and occurs within known areas of VOC 
contamination. Vinyl chloride is not a primary contaminant at RFETS, but is a daughter 
product of the reductive dechlorination of tetrachloroethene and trichloroethene. Based 0 
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on the most recent data, less than 20 well locations at RFETS exhibit vinyl chloride 
concentrations greater than the surface water standard. A small vinyl chloride plume in 
the area of Oil Bum Pit #I (historical MSS 128) contains elevated concentrations; in this 
area reductive dechlorination has been successful (K-H 2004c) (Figure 7.15). Other, 
lower-concentration vinyl chloride occurrences are localized, generally occurring within 
known areas of VOC contamination in the former Building 551 area and near the Mound 
Site. However, despite the localized, isolated occurrence of vinyl chloride in 
groundwater, it is detected in surface water in South Walnut Creek, downgradient from 
the Oil Bum Pit#2/Mound Site area (although not at the South Walnut Creek terminal 
pond, Pond B-5). 

Therefore, although vinyl chloride has limited extent in R E T S  groundwater, based on 
the detection in surface water in South Walnut Creek, groundwater is identified as a 
primary migration pathway for vinyl chloride at RFETS. 

7.5.3.3 Groundwater Metal Migration 

Arsenic 

Dissolved arsenic concentrations in UHSU groundwater are shown on Figure 7.16. The 
arsenic plume in UHSU groundwater is isolated to the PU&D Yard and may have been 
liberated due to the insertion of an amendment to enhance VOC biodegradation in 
groundwater. An additional area with detections of arsenic above the surface water 
standard is located on the hillside south of the IA OU, although it  is difficult to ascertain 
whether the detections are isolated or if a contiguous area of elevated arsenic in 
groundwater actually exists. 

Comparison of the arsenic concentrations at the AOC and sentinel wells nearest the 
contaminant plumes indicates that arsenic does not exceed its surface water standard in 
either the AOC or sentinel wells. Arsenic data were not available for all AOC and 
sentinel wells (although data are available for the AOC well [lo5941 and sentinel wells 
[20505 and 207051 nearest to the arsenic plumes). There is widespread distribution of 
arsenic in surface water above the surface water standard, including at surface water 
station GS06, located on Woman Creek at the RFETS western boundary (see surface 
water arsenic discussion in Section 7.6.3.3). This is notable because station GS06 is 
reflective of background conditions because it measures a watershed upstream from the 
area affected by historic site operations. It is also notable that all of the ponds in all 
drainages (except for Pond A-1) have sample results below the surface water standard. 

Arsenic is strongly sorbed by soil, as discussed in Table 7.2, and its dominant transport 
mechanism is particulate transport. Elevated background concentrations obscure the 
identification of specific areas with residual anthropogenic contamination. This is further 
obscured by the insertion of HRC to enhance VOC remediation in groundwater. 

In summary, arsenic, where data are available, does not exceed the surface water 
standards at the AOC or sentinel wells. Therefore, based on its isolated mappable, 

DFME03200501 I.DOC 7-42 



RCRA Facility Investigation-Remedial Investigation/ . Section 7.0 
Corrective Measures Study- Feasibility Study Report Contaminant Fate and Transpod 

contiguous plume and the lack of impact on surface water quality, groundwater is 
identified as a limited migration pathway for arsenic at.RFETS. 

Chromium 

Total chromium is identified as a metal A01 in UHSU groundwater (Section 4.0). Figure 
7.17 shows contiguous, mappable total chromium plumes at historical IHSS 11 8.1, East 
Trenches, Ryan’s Pit, OUl plume area, and the Original Landfill. 

Total chromium was not observed in groundwater above the surface water standard at 
any of the AOC wells and only at sentinel well 23296 (downgradient of the ETFTS). 
Total chromium analyses were not available for AOC wells 10304, 11 104, and 89104; 
however, the dissolved chromium results were less than the surface water standard at 
these wells. Similarly, total chromium analyses were not available for most of the 
sentinel wells, however, dissolved chromium data were available for all sentinel wells; 
except 95099. Dissolved chromium at all of the sentinel wells with data was less than the 
surface water standard. The transport characteristics of chromium are discussed in Table 
7.2. 

There is evidence that some of the elevated chromium concentrations in groundwater at 
RFETS may be derived from corrosion of stainless-steel well casing, pump parts, and 
well tubing stabilizers (Boylan 2004a, 2004b). Table 7.5 shows that out of 16 locations 
identified as having elevated chromium concentrations, 7 wells had stainless-steel casing 
and an additional one had a steel casing of unknown type. However, to remain 
conservative, total chromium data were compared directly to the surface water standard 
without regard for their potential origin. , 

In summary, total chromium, where data are available, does not exceed the surface water 
standard at the AOC wells. Total chromium does exceed its surface water standard at 
sentinel well 23296 installed along South Walnut Creek downgradient of the ETPTS. 
Therefore, based on groundwater data and the lack of apparent impact on surface water 
quality, groundwater is identified as a limited migration pathway for chromium at 
RFETS. 

Nickel 

Figure 7.18 shows the dissolved nickel plumes in UHSU groundwater south of Ryan’s 
Pit, at the Original Landfill, and near former Building 850. Total nickel is shown on 
Figure 7.19; the plumes are in the vicinity of the SEP and Ryan’s Pit areas. Comparison 
of the dissolved nickel concentrations at the AOC and sentinel wells nearest the 
contaminant plumes indicates that dissolved nickel does not exceed its surface water 
standard in either the AOC or sentinel wells Total nickel also does not exceed its surface 
water standard at the AOC wells. 

I 

As discussed in the text regarding total chromium in groundwater, there is evidence that 
some of the elevated nickel concentrations in groundwater at RFETS may be derived 
from corrosion of stainless-steel well casing, pump parts, and well tubing stabilizers 0 
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(Boylan 2004a, 2004b). Table 7.5 shows that out of nine locations identified as having 
elevated nickel concentrations, four wells had stainless-steel casing. However, to be 
conservative, total chromium and dissolved nickel data were compared directly to the 
surface water standards without regard for their potential origin. 

In summary, based on the limited extent of nickel in groundwater and its lack of apparent 
impact on surface water quality, groundwater is identified as a limited migration pathway 
for nickel (in both the dissolved and total forms) at RFETS. 

7.5.3.4 Groundwater Water Quality Parameter Migration 

Fluoride 

Figure 7.22 shows three small fluoride plumes in UHSU groundwater, located south and 
east of the former Building 707, at OU1, and south of the former SEP area. Comparison 
of the fluoride concentrations, where data are available, at the AOC and sentinel wells 
nearest the contaminant plumes indicates that fluoride does not exceed its surface water 
standard in either the AOC or sentinel wells. However, fluoride analyses were only 
available for a limited number (one out of two AOC wells [lo594 along North Walnut 
Creek]) and 3 out of 16 sentinel wells. 

Because the Building 707 fluoride plume is located in the central IA and is not close to 
either Walnut or Woman Creek, some natural attenuation is expected to reduce the 
fluoride concentrations and reduce potential impacts to surface water quality. Therefore, 
groundwater is identified as a limited migration pathway for fluoride at Building 707. 

As with the data at Building 707, the fluoride data for the OU1 area are old, ranging from 
1992 through 1997. Most of the fluoride concentrations (27 out of 33) are below the 
surface water standard. Because these wells are located several hundred feet north of 
Woman Creek and because the fluoride concentrations are below or near the surface 
water standard, natural attenuation is expected to reduce the concentrations to meet the 
surface water standard. Therefore, the OU1 fluoride plume is not considered a threat to 
surface water quality, and groundwater is identified as a limited migration pathway for 
fluoride at OU1. 

The fluoride plume south of the former SEP area is the most extensive fluoride plume at 
the site (Figure 7.22). Because the nearest edge of the fluoride plume is a significant 
distance from the nearest surface water discharge point, natural attenuation is expected to 
reduce the fluoride concentrations below the surface water standard. Thus, because the 
former SEP fluoride plume is not expected to impact surface water quality at the site, 
groundwater is identified as a limited migration pathway for fluoride at the former SEP 
area. 

In summary, fluoride, where analyzed, has not exceeded the surface water standard at 
either the AOC or sentinel wells. Fluoride concentrations that exceed the surface water 
standards at the former SEP area, Building 707, and OU1 are represented by data that are 
at least 8 to 10 years old. New sources of residual fluoride are not expected at these 
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locations and, based on the quasi-steady-state conditions found for other constituent 
plumes at the site, fluoride concentrations in groundwater should be currently stable or 
decreasing and thus are not considered a threat to surface water quality. Therefore, 
groundwater is identified as a limited migration pathway for fluoride at RFETS. 

0 

Ni trate/Ni tri te 

Locations of nitratehitrite (as N) plumes at R E T S  are shown on Figure 7.21. It is noted 
that the applicable nitrate standard until December 31, 2009, is 100 mg/L, at which time 
the temporary modification, which applies to Segment 5 only, expires and the 10 mg/L 
standard goes into effect. To be conservative, the groundwater data and interpreted 
plumes presented on Figure 7.21 are compared with the 10 mg/L surface water standard, 
not the 100 m g L  modification to the standard. 

Because RFETS UHSU groundwater is generally oxic (that is, well oxygenated) and 
nitrite is easily oxidized to nitrate, nitrate is likely the predominant dissolved nitrogen 
species in site waters (K-H 2004~). However, local areas of detectable nitrite may occur 
where the groundwater is anoxic and reducing conditions exist. 

Nitratehitrite (as N) plumes are found in the area of former OUl, at and east of the 903 
Pad, and at the former SEP. Nitratehitrite concentrations in UHSU groundwater are 
largely from the former SEP (EG&G 1992). Additional inventory of nitrate is below the 
former 903 Pad area, where wastes with nitrate leaked into the soil, accounting for the 
nitratehitrite plume near the 903 Pad. The OU1 nitratehitrite plume is co-located with 
solvent-contaminated groundwater that was extracted from 891COLWEL and treated in 
accordance with the OUl CADROD. The CAD/ROD addressed VOC contamination 
because nitratehitrite was not identified as a contaminant of concern (COC). The OUl 
881 Hillside groundwater treatment system was installed in 1992, and operated through 
April 2002, when it was agreed by the RFCA parties that treatment ,would cease. 
Additional detail on the OU1, 903 Pad, and SEP nitrate plumes is provided below: 

OU1 Nitrate Plume 

The OU1 nitratehitrite plume is defined by wells within 600 ft of Woman Creek. Of the 
eight wells, only one (well 10992) has nitrate above the surface water standard but shows 
a decreasing trend. Nitratehitrite in the groundwater collection well (891COLWEL) 
consistently met the surface water standard between 1992 and 1997. 

Nitrate data have not been collected for groundwater at AOC well 89104 downgradient of 
the OU1 plume. However, surface water quality does not exceed the nitrate surface water 
standard at downgradient stations (pond samples in Ponds C-1 and Pond C-2, SW027, 
and GS31). Therefore, surface water quality has not been impacted downgradient of the 
OU1 nitrate plume. 

The OUl 881 Hillside groundwater treatment system ceased operation during April 2002 
in accordance with the Major Modification to the OUl CAD/ROD (DOE 2001; K-H 
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200%). Based on its small area and low relative concentrations, groundwater is 
identified as a limited migration pathway for nitratehitrite at the 881 Hillside area. 

903 Pad Nitrate Plume 

The nitratehitrite contiguous, mappable plume at the 903 Pad moves along two flow 
paths,. These include a southern flow path toward Woman Creek, and northeast flow 
path toward the East Trenches. The wells along the southern flow path are approximately 
1,200 ft upgradient of Pond C-1. 

None of the AOC or sentinel wells along the southern flow path from the 903 Pad contain 
nitrate above the surface water standard. The downgradient monitoring stations at Ponds 
C-1 and C-2 have not been impacted by nitratehitrite above the surface water standard. 
Therefore, based on groundwater data at the 903 Pad, groundwater is identified as a , 

limited migration pathway for nitratehitrite at the 903 Pad. 

SEP Nitrate Plume 

Figure 7.21 shows that the largest nitratehitrite plume in UHSU groundwater is centered 
on the former SEP area and its principal directions of migration are north and northeast 
toward Pond A-1. A lobe of this plume may be migrating east or southeast toward South 
Walnut Creek. 

From 1995 through 1999, the highest nitratehitrite concentrations had decreased to 
approximately 4,600 milligrams per liter (mg/L); The plume has migrated toward and 
reached North Walnut Creek. Between 2000 and 2005, nitratehitrite concentrations 
remained high (approximately 4,900 mg/L) in UHSU groundwater immediately north of 
the SEP. Nitratehitrite has been observed at sentinel well P210089 (located north of the 
SEP area on North Walnut Creek) above the surface water standard. However, nitrate in 
groundwater from the SEP plume has not resulted in surface water concentrations of 
nitrate above the surface water standard at terminal Pond A-4 (the one terminal pond with 
nitrate surface water data), or at POC monitoring location GS03 on Walnut Creek at 
Indiana Street. 

Accelerated actions (excavation of pond sludge and soil removal) were performed at the 
former SEP, and the area has been regraded. Thus, the contaminant source has been 
removed, and the groundwater nitrate plumes are expected to slowly attenuate through 
dispersion and dilution from groundwater recharge. In addition, the nitrate plume is 
collected and treated by the SPF'TS. Installed in 1999, the SPPTS continues to treat 
nitrate-contaminated groundwater migrating from the SEP toward North Walnut Creek. 

The Groundwater W I R A  identified nitratehitrite in the SEP plume and the 700 Area 
Northeast plume (downgradient portion of plumes), which were considered together and 
identified as requiring an alternatives analysis. The 700 Area plume overlies SEP Pond 
207-C (hydrologic modeling indicated that flow from this area is toward the SPPTS [K-H 
2005bl). The selected alternatives were proposed as enhancements to supplement the 
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area downgradient of the SPPTS. The selected enhancement2' was phytoremediation, 0 which has been completed. 

Although several accelerated actions and enhancements have been taken at and 
downgradient of the SEP, and groundwater impacts have not caused surface water to 
exceed the surface water standard at the POCs, the potential exists for nitrate in 
groundwater to impact surface water quality. Therefore, groundwater is identified as a 
primary migration pathway for nitratehitrite at the former SEP area. 

7.5.4 Groundwater Contaminant Fate and Transport - Summary and Conclusions 

Eighteen groundwater AOIs were identified in the groundwater nature and extent of 
contamination section (Section 4.0). These are: 

Radionuclides - Uranium (sum of isotopes uranium-233/234, uranium-235, and 
uranium-238)22; 

VOCs - cis-1 ,2-dichloroethene7 1 ,2-dichloroethane7 1 ,l-dichloroethene, benzene, 
carbon tetrachloride, chloroform, chloromethane, methylene chloride, 
tetrachloroethene, trichloroethene, and vinyl chloride; and 

Metals - Arsenic (dissolved), chromium (total), nickel (dissolved), and nickel 
(total); and 

Water quality parameters - Fluoride and nitratehitrite (as N). 

\ 

Based on the general environmental behavior characteristics of these AOIs, as well as 
other considerations such as persistence in the environment, distribution in environmental 
media at R E T S  (other than groundwater), and the potential to impact surface water 
quality at the POCs, each groundwater A01 is grouped into one of the following two 
general fate and transport categories: 

0 

AOIs with limited migration in groundwater; and 

AOIs with groundwater as a primary migration pathway. 

It is noted that, where data are available, groundwater quality for all of the AOIs meets 
the surface water standards at the AOC wells. Discharge of groundwater AOIs to surface 
water does not result in exceedance of surface water standards at the surface water POCs 
(as discussed in the fate and transport of surface water contaminants section [Section 
7.61). 

2'Phytoremediation was intended to reduce the sources of nitratehitrite contamination and/or reduce its 
migration in groundwater that could impact surface water quality. This enhancement was not expected to 
eliminate groundwater contamination in the short term, but to have a positive impact on groundwater and 
surface water quality (K-H 200%). 
22 Sum of uranium isotopes uranium-233/234, uranium-235, and uranium-238 is based on activity 
measurements for each monitoring location and sampling event having data. Therefore, uranium isotopes 
are a calculated result that represents total uranium. 
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Accelerated actions that are reasonable and practicable for site conditions have been 
implemented to treat groundwater AOIs prior to being discharged to surface water. 
These actions include three groundwater treatment systems (SPPTS, MSPTS, and 

of potential groundwater impacts. Operation of these treatment systems serves to protect 
surface water quality over the short term and intermediate term periods by removing 
contaminant loading to surface water. 

I SPPTS) that must be retained to have a positive effect on surface water quality in terms 

The groups of groundwater AOIs are listed below, along with a brief summary for each 
analyte regarding its presence in other media, as well as the dominant transport 
mechanisms that affect its migration in the RFETS environment. 

AOIs With Limited Migration in Groundwater 

vocs 
172-Dichloroethane (A01 in groundwater only) - Migration and extent of 1,2- 
dichloroethane in groundwater is limited. It does not result in significant impacts 
to surface water. 

1,l- Dichloroethene (A01 in groundwater only) - Migration and extent of 1,l-  
dichloroethene in groundwater is limited. It does not result in significant impacts 
to surface water. 

Benzene (A01 in groundwater only) - Benzene in groundwater is localized at the 
Present Landfill. Further migration is inhibited by the Present Landfill seep 
treatment system. In addition, benzene has relatively short-term persistence in the 
environment. It does not result in significant impacts to surface water. 

Chloromethane (A01 in groundwater only) - Migration and extent of 
chloromethane in groundwater is limited. It does not result in significant impacts 
to surface water. 

Metals 

Arsenic (dissolved) (A01 in surface soil, subsurface soil, surface water, and 
sediment in addition to groundwater) - Arsenic is generally relatively immobile in 
soil. In oxic conditions, dissolved transport in groundwater of arsenate can occur. 
The extent of elevated arsenic in groundwater is localized at the Present Landfill. 
Arsenic has a high relative natural background presence in soil and sediment at 
RFETS and persists indefinitely in the environment as a stable element. 

Chromium (total) (A01 in surface soil, subsurface soil, surface water, and 
sediment in addition to groundwater) - Chromium is typically sorbed to soil 
particles and is relatively immobile, although under oxidizing conditions 
chromium(V1) may remain dissolved as the chromate anion and may be mobile in 
groundwater. However, its extent in groundwater at RFETS is limited. 

Nickel (dissolved and total) (A01 in groundwater only) - Based on soil at RFEiTS 
with low carbon content, nickel mobility is expected to be high to very high in 
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RFETS UHSU groundwater. However, the extent of groundwater with nickel 
above the surface water standard is limited (for either dissolved or total nickel). 

Water Quality Parameters 
8 Fluoride (A01 in groundwater only) - Areas with elevated fluoride in IZF'ETS 

groundwater are far removed from surface water. Impacts to surface water have 
not been observed and are not expected, based on anticipated natural attenuation 
of residual fluoride in groundwater. 

AOIs With Groundwater as a Primary Migration Pathway 

Radionuclides 
8 Uranium (sum of isotopes) (A01 in surface water in addition to groundwater) - 

Migration of uranium occurs both by particle transport via surface erosion, as well 
as via groundwater transport of dissolved uranium as uranium(1V). Uranium has 
a high relative natural background presence in R E T S  soil and sediments, and 
persists essentially indefinitely in the environment, based on the long radioactive 
half-lives of the isotopes present at RFETS. An accelerated action at the SEP 
plume was completed to reduce loading of uranium in groundwater to North 
Walnut Creek. 

vocs 
8 

8 

8 

8 

cis-1,2-dichloroethene (A01 in surface water in addition to groundwater) - cis- 
1,2-dichloroethene (a biodegradation daughter product of tetrachloroethene) is 
highly mobile in groundwater, and its migration has resulted in discharges to 
surface water. Migration in groundwater is reduced by accelerated actions 
implemented for tetrachloroethene. 

Carbon tetrachloride (A01 in surface water in addition to groundwater) - Carbon 
tetrachloride is highly mobile in groundwater, and its migration has resulted in 
discharges to surface water. Volatilization is relatively unimportant for 
groundwater (Howard 1989). Residual carbon tetrachloride was reduced by the 
accelerated actions completed at historical IHSS 118.1. 

Chloroform (A01 in subsurface soil and surface water in addition to groundwater) 
- Migration of chloroform (a biodegradation daughter product of 
tetrachloroethene) in groundwater is not as extensive as carbon tetrachloride, and 
residual chloroform was reduced by accelerated action at historical IHSS 118.1. 
However, residual chloroform in subsurface soil and groundwater does pose a 
potential impact to surface water, although historic surface water impacts are 
localized in the historical MSS 118.1 area. 

Methylene chloride (A01 in subsurface soil and surface water in addition to 
groundwater) - Methylene chloride concentrations in groundwater above the 
surface water are limited in areal extent. However, surface water with methylene 
chloride is detected in South Walnut Creek, downgradient from the Oil Bum Pit 
#2/Mound area, indicating transport from groundwater to surface water. 
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Migration in groundwater is reduced by accelerated actions at the Oil Bum Pit #2 
and Mound sites. 

Tetrachlorethene (A01 in subsurface soil and surface water in addition to 
groundwater) - Tetrachloroethene can exist as a non-aqueous phase liquid 
(NAPL) that is more dense than water. Therefore, the fraction that does not 
volatilize from soil can migrate vertically downward and be transported in 
groundwater, with eventual discharge to surface water. Migration in groundwater 
is reduced by accelerated actions implemented at the Oil Bum Pit #2, Mound, and 
East Trenches sites. 

Trichlorethene (A01 in subsurface soil and surface water in addition to 
groundwater) - Trichloroethene can exist as a non-aqueous phase liquid (NAPL) 
that is more dense than water. Therefore, the fraction that does not volatilize from 
soil can migrate vertically downward and be transported in groundwater, with 
eventual discharge to surface water. Migration in groundwater is reduced by 
accelerated actions implemented at the Oil Bum Pit #2, Mound, and East 
Trenches sites. 

Vinyl chloride (A01 in surface water in addition to groundwater) - Migration and 
extent of vinyl chloride in groundwater is limited. However, groundwater 
discharge of vinyl chloride does result in surface water concentrations of vinyl 
chloride above the surface water standard in South Walnut Creek, south of the 
former Building 991 and in Pond B-2. 

Water Quality Parameters 

Nitratehitrite (as N) (A01 in surface water in addition to groundwater) - 
Migration of nitratehitrite at RFETS occurs primarily as a result of groundwater 
transport, with eventual discharge to surface water. Accelerated actions, 
including the SEP groundwater collection and treatment system and 
phytoremediation enhancements in North Walnut Creek, were implemented to 
retard the subsurface transport of nitrate. 

As summarized above, nine of the eighteen groundwater AOIs were identified as having 
groundwater as a primary migration pathway. These are uranium (sum of isotopes), cis- 
1 ,2-dichloroethene7 carbon tetrachloride, chloroform, methylene chloride, 
tetrachloroethene, trichloroethene, vinyl chloride and nitratehitrite (as N). 

The remaining nine AOIs have limited extent and limited observable migration in 
groundwater at R E T S .  Based on an evaluation of their transport characteristics and 
distribution in RFETS environmental media, these nine groundwater AOIs are not likely 
to pose an eventual threat to surface water quality. compliance at the POC locations. 

This assessment of the groundwater A01 migration characteristics is carried forward to 
the integrated pathway analysis in Section 7.9. 
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7.6 

This section addresses the fate and transport of contaminants in R E T S  surface water. It 
includes a description of the surface water AOIs, a brief summary of the mechanisms 
related to surface water contaminant transport, an evaluation of the RFETS surface water 
AOIs, and conclusions regarding surface water contaminant transport. A general 
conceptual model of fate and transport mechanisms for surface water contaminants at 
RFETS is presented on Figure 7.24. 

Surface Water Contaminant Fate and Transport 

7.6.1 Surface Water AOIs 

Nineteen surface water AOIs were identified in the surface water and sediment nature 
and extent of contamination section (Section 5.0). These are: 

Radionuclides - Americium-241, plutonium-239/240, uranium (sum of isotopes), 
gross alpha, and gross beta; 

VOCs - cis- 1,2-dichIoroethene, carbon tetrachloride, chloroform, methylene 
chloride, tetrachloroethene, trichloroethene, and vinyl chloride; 

Metals - Aluminum (dissolved), beryllium, chromium, lead, nickel, and zinc; and 

7.6.2 

As discussed in 7.2.2, the two primary processes for the transport of contaminants into 
surface water are (1) soil erosion of contaminated surface soil, and (2) discharge of 
Contaminants from groundwater into surface water. 

Water quality parameters - Nitratehitrite (as N). 

Contaminant Transport Processes and Characteristics 

a 
Surface water erosion of contaminated surface soil is particularly important for low- 
solubility contaminants that are bound to soil particles. Low-solubility surface water 
AOIs include actinides, such as plutonium and americium, and metals, such as lead. 
Groundwater discharge of contaminants into surface water is an important process for 
contaminants with higher relative solubility, such as VOCs and nitrate. Groundwater 
transport of these contaminants is particularly important when subsurface residual 
contamination exists in close proximity to groundwater. Once in the groundwater, 
chemical, biological, and physical processes can act together to retard or delay transport 
of many AOIs, thereby delaying or reducing their effect on surface water. 

For individual AOIs, the fate and transport characteristics in surface..water are 
summarized in Table 7.2. 

7.6.3 Migration of Surface Water AOIs 

Based on the most recent sample results for the surface water AOIs at each surface water 
sampling location (Section 5.0), general environmental behavior characteristics of the 
AOIs, and other considerations such as persistence in the environment, distribution in 
environmental media at R E T S  (other than surface water), and the potential to impact a 
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surface water quality, each surface water A01 is grouped into one of the following two 
general fate and transport categories: 

AOIs with limited migration in surface water - AOIs are designated as having 
limited migration in surface water if significant migration of the A01 is 
determined to be unlikely, particularly at the surface water POCs. 

AOIs with surface water as a primary migration pathway - AOIs are designated 
as having surface water as a primary migration pathway if significant migration of 
the A01 is determined to be reasonably likely, particularly at the surface water 
POCS. 

Discussions of surface water AOIs are grouped by analyte category: radionuclides, 
VOCs, metals, and water quality parameters. 

7.6.3.1 Surface Water Radionuclide Migration 

Americium, Plutonium, and Uranium 

Removal of historic radionuclide contaminant sources in soil and sediments through 
completion of accelerated actions has reduced the quantity of radionuclides that could 
potentially migrate into surface water to a residual amount. In the short term, accelerated 
actions that disturb soil can result, in some cases, in localized short term increases in 
contaminant concentrations in surface water (see chromium discussion below). 
Therefore, historic surface water samples for radionuclides at RFETS likely represent a 
conservative (high) estimate of surface water contaminant concentrations for the post- 
accelerated action condition. 

Annual volume-weighted concentrations were calculated for plutonium-239/240, 
americium-241, and total uranium, for data collected from Water Year 1997 (October 1, 
1996, through September 30, 1997) through spring 2005. The day of the last sample 
collected in spring 2005 varies by sampling location. These radionuclide data, for 
surface water Point of Evaluation (POE) and POC monitoring locations, are presented in 
Table 7.6, Table 7.7, and Table 7.8 for plutonium-239/240, americium-241, and total 
uranium, respectively. Locations of the monitoring stations are shown on Figure 7.25. 

Plots of historic plutonium-239/240, americium-241, and total uranium data are presented 
on Figure 7.26, Figure 7.27, and Figure 7.28 respectively. These figures show the 
median, maximum, and minimum annual volume-weighted concentrations, and reflect 
the fate and transport processes of these radionuclides. For example, Figure 7.26 and 
Figure 7.27 show a distinct reduction in plutonium and americium concentrations 
observed between the POE stations and the pond effluent POC locations downstream. 
This reduction is a direct result of the sedimentation process that removes plutonium and 
americium from the water column in the ponds. These historic data demonstrate that the 
fate and transport of plutonium and americium are directly associated with the migration, 
and sedimentation, of the particles with which they are associated. 
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In contrast, there is not a measurable decline in uranium concentration from pond influent 
to pond effluent (Figure 7.28). This directly reflects uranium’s higher solubility relative 
to plutonium and americium. Sedimentation is, therefore, not as significant a process in 
terms of uranium fate and transport. 

a 
It is important to note that at the POC locations (GS11, GS08, GS03, GS31, and GSOl), 
the RFCA volume-weighted, 30-day moving average concentrations for plutonium, 
americium, and uranium have remained in compliance with the respective surface water 
standards for plutonium-239/240 and americium-241 (0.15 pCi/L) and uranium (10 pCi/L 
in Walnut Creek and 11 p C i L  in Woman Creek). In early 2005, the americium-241 
concentration was elevated above 0.15 pCi/L in terminal Pond A-4. This elevated value 
was traced to a discrete point source of americium-241 in North Walnut Creek, associated 
with Building 771 demolition. The water in Pond A-4 was treated to remove the 
americium-241 and maintain compliance at the POC locations downstream. The point 
source of americium-241 was located, and the environmental pathways were disrupted. 

Americium, Plutonium, and Uranium - Proiected Surface Water Oualitv 

Quantification of contaminant migration in surface water, based on the RFETS post- 
accelerated action configuration, is directly related to the post-accelerated action site 
hydrology. As a result of removing impervious surfaces, such as pavement and 
buildings, the site hydrology is significantly different compared with the hydrology when 
the IA was fully developed. Runoff from storm events is significantly diminished, while 
infiltration is increased. These hydrologic changes are evaluated and documented in the 
SWWB Modeling Report for RFETS (K-H 2002b) and the update to the SWWB report 
(K-H 2005a). 

The changed hydrology will have a significant affect on surface water contaminant 
migration. To provide an estimate of post-accelerated action surface water contaminant 
migration, a quantified assessment of hydrologic conditions in the closure condition is 
provided, based on model-generated predictions. The post-accelerated action condition 
hydrology projections are coupled with historic water quality data to provide an estimated 
range of surface water contaminant fate and transport (presented in Attachment 2 to this 
section). This represents a conservative approach because some of the historic water 
quality data were collected prior to completion of accelerated actions that removed 
contamination from the environment. 

An estimate of future radionuclide loads in surface water, compared with historic loads, 
can be calculated. Using projections for surface water flows in the site closure 
configuration, coupled with historic surface water quality data, projections were 
developed for the post-accelerated action configuration surface water loads. Details of 
this evaluation are provided in Attachment 2 to this section. 

Results of the comparison between historic and predicted future loads (in the post- 
accelerated action site condition) indicate the median predicted annual loads will 
decrease, relative to the median historic loads, for all radionuclides (plutonium, 
americium, and uranium) at all locations evaluated. The decreased loads are a function of 0 
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the diminished water volume in the post-accelerated action condition. At monitoring 
location GSlO on South Walnut Creek, which receives runoff from the central portion of 
the former IA, the upper bound of the estimated future loads is less than the historic 
median load for all of the radionuclides. This is a function of the significant reduction in 
flow at GSlO in the post-accelerated action condition, with a corresponding reduction in 
radionuclide loads. 

However, while the loads of actinides are predicted to decrease in the post-accelerated 
action condition, it is noted that concentrations could potentially increase in low-flow 
conditions, particularly for uranium. Because the baseflow contribution will make up a 
larger fraction of the total flow volume in the post-accelerated action condition, the 
resulting surface flow could potentially have higher concentrations if the baseflow has 
higher concentrations than what was historically observed in the surface flow. This 
condition could occur even though the total quantity of a constituent transported in 
surface water has decreased. 

Although surface water concentrations of plutonium, americium, and uranium have 
historically been compliant at the POC locations, and projections indicate future surface 
water loads of these actinides will likely be reduced in the post-accelerated action 
condition, low levels of residual Plutonium, americium, and uranium will still remain in 
the soil. Because the residual of these actinides provides a potential for impacts to 
surface water quality as a result of erosion processes (for plutonium and americium) and 
groundwater processes (for uranium [Section 7.5.3.1]), surface water is identified as a 
primary migration pathway for all three of these actinides (plutonium, americium, and 
uranium) at RFETS. 

Gross Alpha and Gross Beta 

Gross alpha and gross beta are other surface water AOIs that are indicators of the 
presence of specific radionuclides. Each alpha particle decay involves the emission of 
two neutrons and two protons, resulting in a daughter product with a molecular weight 
reduced by 4 atomic mass units. Each beta particle decay involves the emission of one 
electron, resulting in a negligible reduction in atomic mass for the daughter product. 

A01 isotopes that decay primarily by alpha particle emission include plutonium-239, 
plutonium-240, and americium-241 , as well as uranium isotopes uranium-238, uranium- 
235, and uranium-234. Limited gross alpha data collected post-1999 (see Section 5.0, 
surface water nature and extent data) indicate concentrations above the 10 pCi/L RFCA 
standard (for Walnut Creek) in the North Walnut Creek watershed. Specifically, elevated 
gross alpha activity was measured in tributaries to North Walnut Creek north and 
northwest of the former Building 771 site (monitoring locations CG49-031 and 
SW20105, respectively). No other RFETS locations, in either the Walnut or Woman 
Creek watersheds, have gross alpha surface water samples collected after 1999 with 
results that are above the standard. In addition, as discussed previously, surface water in 
North Walnut Creek, South Walnut Creek, and Woman Creek is dominated by natural 
uranium (see Section 7.5.3.1 and Attachment 4 to this section). 
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No surface water AOIs decay primarily by beta particle emission. However, many 
isotopes detected at RFETS are beta-emitters, including potassium-40, tritium, cesium- 
137, and strontium-90. Limited gross beta data collected after 1999 (see Section 5.0, 
surface water nature and extent data) indicate concentrations above the RFCA standard of 
19 pCi/L (for Walnut Creek) at locations randomly distributed in the Walnut Creek 
watershed. Specifically, elevated gross beta activity was measured in a tributary to North 
Walnut Creek northwest of the former Building 771 site (monitoring location SW20105), 
in North Walnut Creek downstream from Pond A-4 (monitoring location GSl l),'and in 
the effluent from the former Building 995 (the wastewater treatment facility). No other 
RFETS locations, in either the Walnut or Woman Creek watersheds, have gross beta 
surface water samples collected after 1999 with results above the standard. 

0 

Based on limited surface water data that indicate the extent of elevated gross alpha and 
gross beta above the surface water standard is limited, and because the specific surface 
water analytes of importance that comprise alpha- and beta-emitting analytes are unique 
AOIs, gross alpha and gross beta are not evaluated further. Therefore, surface water 
surface water is identified as a limited migration pathway for gross alpha and gross beta 
at RFETS. 

7.6.3.2 Surface Water VOC Migration 

cis-1.2-Dichloroethene 

The most recent cis-1,2-dichloroethene results at all locations were below the surface 
water standard, except for location SW056, located on South Walnut Creek south of the 
former Building 991 site. It is noted that the most recent results from all other site 
locations, including numerous samples downstream from SW056 in the South Walnut 
Creek drainage, are below the surface water standard. However, because of the 
detectable pathway from groundwater to surface water at location SW056, the surface 
water transport of cis-1,2-dichloroethene is identified as a primary migration pathway at 
RFETS. 

' 0 

Benzene 

The most recent benzene results at all locations were below the surface water standard 
(2.2 pg/L) except for two locations, at station SW00196 (at the influent to the East 
Landfill Pond) and at location A3 (in Pond A-3 in North Walnut Creek). 

At location SW00196, 17 of 26 sample results were above the surface water standard, 
including the most recent sample result in 2005. It is noted that benzene was not detected 
in the East Landfill Pond and at the pond's outfall. It is also noted that a seep treatment 
system, to address the discharge of benzene to surface water, was installed at the outfall 
of the East Landfill Pond in 2005 (K-H 2005g). In addition, benzene volatilizes 
srelatively quickly; one study reported its volatilization half-life to be approximately 5 
hours in water 1-meter deep (Mackay and Leinonen 1975). Therefore, detection in 
surface water can prove to be difficult. 

0 
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Location A3 had one result out of three above the standard. Benzene was detected (but 
below the surface water standard) at only one other location, on Woman Creek. At all 
other locations, benzene was not detected. Based on current data and the chemical 
characteristics of benzene, surface water is identified as a limited migration pathway for 
benzene at RFETS. 

Carbon Tetrachloride 

The most recent results at all locations were below the surface water standard, except for 
three locations in the former IA, including 771-FD OUT#2 (a former foundation drain for 
Building 771), FD-774-1 (a former foundation drain for Building 774), and SW061 
(located in South Walnut Creek downgradient from the Mound Site). 

The two foundation drain sampling locations no longer exist, because the buildings were 
demolished. The water formerly in those drains must now flow through the subsurface, 
with its associated retardation mechanisms for carbon tetrachloride. In addition, an 
accelerated action associated with historical MSS 11 8.1 (south and east of the former 
Building 771) removed source material and enhanced the groundwater with HRC. 

Location SW061 had results for 14 out of 19 samples above the standard, collected from 
2000 through 2004 (Figure 7.29). The apparent source of carbon tetrachloride is residual 
contamination from the Mound plume. All other post-1999 samples, in ponds and other 
areas around the site, are below the surface water standard due to the installation of the 
MSPTS in 1999. In all but one of those locations, carbon tetrachloride was not 
detectable. However, because of the detectable pathway from groundwater to surface 
water, and evidence of carbon tetrachloride above the surface water standard (although 
not at a POC), surface water is identified as primary migration pathway for carbon 
tetrachloride at RFETS. 

Chloroform 

The most recent chloroform results 'at all locations were below the surface water standard, 
except for three locations in the former IA, including 77 1-FD OUT#2 (a former 
foundation drain for Building 771), FD-774-1 (a former foundation drain for Building 
774), and 33053 (a former foundation drain for Building 371). These drains no longer 
exist; therefore, the water formerly in those drains must now flow through the subsurface, 
with its associated retardation mechanisms for chloroform. In addition, an accelerated 
action associated with historical IHSS 118.1 (south and east of Building 77 1) removed 
source material and enhanced the groundwater with HRC. 

All other most recent post-1999 samples, in ponds and other areas around the site, are 
below the surface water standard. Because the direct pathways have been eliminated 
where elevated chloroform was discharged to the surface, data indicate surface water 
transport of chloroform is a limited migration pathway at RFETS. 
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Methylene Chloride 

Methylene chloride is detected above the surface water standard at three locations in the 
0 

South Walnut Creek drainage and one location in the North Walnut Creek watershed. 
The South Walnut Creek locations are SW056 (south of the former Building 991 site), 
SW061, and SW132. The North Walnut Creek watershed location is 771 FD OUT#2, a 
former foundation drain at the former Building 77 1. Data for these locations are 
displayed on Figure 7.9. 

All other most recent post-1999 samples, in ponds and other areas around the site, are 
below the surface water standard. As shown on Figure 7.23, methylene chloride is a 
degradation byproduct of chloroform, which is a degradation byproduct of carbon 
tetrachloride. 

Although the occurrences,of methylene chloride in surface water above the surface water 
standard are.relatively limited, an apparent connection exists between methylene chloride 
in groundwater and surface water in South Walnut Creek. Therefore, surface water is 
identified as a primary migration pathway for methylene chloride at RFETS. 

Tetrachloroethene 

All sample results were below the surface water standard except for four locations in the 
former IA. Three of the sample locations are in close proximity to each other on South 
Walnut Creek. These are SW056 (south of the former Building 991 site), SW061 (near 
the Mound Site discharge area), and SW132 (also near the Mound Site discharge area). 
The fourth sample result above the surface water standard is located at 771-FD OUT#2 
(the former foundation drain for Building 77 1 that has been eliminated). 

0 

The pair of South Walnut Creek sampling location results suggest groundwater discharge 
from the Mound Site with elevated tetrachloroethene. While the data from location 
SW056 are limited (two sample results), location SW061 had 6 results out of 19 samples 
(collected from 2000 to 2004) that were above the surface water standard (Figure 7.30). 
Based on surface water and groundwater data for tetrachloroethene and other VOCs in 
South Walnut Creek, phytoremediation enhancements were implemented between the 
MSPTS and South Walnut Creek to protect surface water quality. Because of the 
detectable pathway from groundwater to surface water in South Walnut Creek, surface 
water transport of tetrachloroethene is identified as a primary migration pathway at 
RFETS. 

Trichloroethene 

At five locations the most recent sample results for trichloroethene were above the 
surface water standard. Four are located along the South Walnut Creek drainage. These 
are SW056 (south of the former Building 991 site), SW061 (near the Mound Site 
discharge area), SWB204 (in Pond B-2), and B4INF (at the inlet to Pond B-4). Data for 
these locations are displayed on Figure 7.31. The other, isolated location with the most 

0 
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recent result above the surface water standard is SW10300, located in the Woman Creek 
drainage downstream from Pond C-1. 

The South Walnut Creek sample results suggest groundwater discharges of 
trichloroethene to surface water are from potentially several areas with residual 
contamination, including the Mound Site, Oil Bum Pit #2, and East Trenches. It is noted, 
similar to tetrachloroethene, that despite elevated concentrations of trichloroethene along 
South Walnut Creek, the sample results in terminal Pond B-5 are either nondetect or 
below the surface water standard. This demonstrates the dominant effect of volatilization 
on CAHs in surface water. For the locations in South Walnut Creek, groundwater plume 
treatment systems (the MSPTS and ETPTS) have been installed and enhancements (HRC 
and phytoremedation) have been implemented to improve groundwater quality prior to 
reaching South Walnut Creek upgradient of Pond B-5. Because of the detectable 
pathway from groundwater to surface water in South Walnut Creek, surface water 
transport of trichloroethene is identified as a primary migration pathway at RFETS. 

Vinyl Chloride 

Vinyl chloride is detected above the surface water standard at two locations in the South 
Walnut Creek drainage. These are SW056 (south of the former Building 991 site), and 
B2-003 (in Pond B-2). Data for these locations are displayed on Figure 7.15. All other 
most recent post-1999 samples, in ponds and other areas around the site, are below the 
surface water standard. As shown on Figure 7.23, vinyl chloride is a degradation 
byproduct of trichloroethene and tetrachloroethene, via intermediate degradation 
products. 

Although the occurrences of vinyl chloride in surface water above the surface water 
standard are limited and isolated, an apparent connection exists between vinyl chloride in 
groundwater and surface water in South Walnut Creek. Therefore, surface water is 
identified as a primary migration pathway for vinyl chloride at RFETS. 

VOC AOIs - Projected Surface Water Quality 

Based on the review of the most recent results from surface water sampling locations, for 
post-1999 data, no VOCs were detected above the surface water standards in the terminal 
ponds. This is the case even in South Walnut Creek, where trichloroethene has been 
detected in several locations above the surface water standard, but has not been detected 
above the surface water standard in terminal Pond B-5. Volatilization is a dominant 
transport mechanism in this stream reach, transporting VOCs from surface water to air. 

For the post-accelerated action site condition, in the near term, the fate and transport of 
VOCs is expected to remain similar to transport patterns observed historically. VOC 
concentrations are anticipated to be elevated in areas where groundwater with residual 
VOC contaminants has historically discharged to surface water. Also, consistent with 
historic fate and transport patterns, volatilization will diminish VOC concentrations in 
surface water as it flows toward the terminal ponds. In the long term, as VOC 
concentrations are reduced in groundwater due to the accelerated actions and 
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enhancements taken, the residual VOCs migrating to sui-face water will be reduced 0 accordingly. 

Model-generated predictions for VOC transport in groundwater, which provides a 
reference for potential impacts to surface water, are discussed in the groundwater section 
(Section 7.5.3.2). 

7.6.3.3 Surface Water Metal Migration 

Based on the most recent surface water sample results at each surface water sampling 
location, from surface samples collected after 1999 to reflect recent site conditions (see 
surface water nature and extent of contamination section [Section 5.0]), the following 
observations can be made regarding the distribution of the metal AOIs in surface water at 
RFETS. All metal AOIs are total constituents, unless noted as a dissolved constituent. 

Aluminum 

The most recent dissolved aluminum results at all locations are below the surface water 
standard, with the exception of two locations, at SWO8.5 (in the North Walnut Creek 
watershed northeast of the former Building 771) and at Pond A-4. The result at SW08.5 
(collected in 2002) was above both the surface water standard and the background mean 
plus two standard deviations. The result at Pond A-4 is above the surface water standard 
but below the background mean plus two standard deviations. 

It is noted that locations where dissolved aluminum samples were collected after 1999 are 
limited and are confined mainly to the North Walnut Creek watershed in the vicinity of 
the former Building 77123. However, for data prior to 1999, aluminum was detected 
above the surface water standard at several sampling locations outside of the former IA 
watershed, including at sample locations in Rock Creek and its tributaries, which are 
representative of background conditions. 

0 

Based on the limited extent of aluminum in RFETS surface water, and its migration 
characteristics that indicate its transport to surface water will be further reduced with soil 
stabilization measures in place, surface water is identified as a limited migration pathway 
for aluminum at RFETS. 

Bervllium 

Beryllium is an A01 in surface water only. It is most likely transported in a particulate, 
versus dissolved, form. The most recent beryllium results at all locations were below the 
surface water standard, with the exception of three locations in the former IA, including 
GS60 (northeast of the former Building 771), GS38 (on the former Central Avenue 

23 Aluminum data prior to 1999 are more extensive spatially than the aluminum surface water data 
collected after 1999. It is noted, for data prior to 1999, aluminum was detected above the surface water 
standard at several sampling locations outside of the former IA watershed, including at sample locations in 
Rock Creek and its tributaries, which are representative of background conditions. 
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Ditch), and GS50 (north of South Walnut Creek near the former SEP area). A fourth 
location with sample results above the surface water standard is in the western Woman 
Creek watershed, at station GS06, outside the watershed of the former IA. All other most 
recent post-1999 samples, in the detention ponds and other areas of the site, are below the 
surface water standard. 

Based on the isolated occurrences of beryllium above the surface water standard, its lack 
of detection above standards in other media, and its low relative concentration in the 
detention ponds, surface water is identified as a limited migration pathway for beryllium 
at RFETS. 

Chromi um 

The most recent chromium results at all locations are below the surface water standard, 
with the exception of two locations, at GS40 (near the headwaters of South Walnut 
Creek) and at GS06 (on Woman Creek at the RFETS westem boundary, reflective of 
background concentrations). 

At GS40,2 out of 67 samples collected had results above the surface water standard. The 
elevated sample results were the two most recently collected samples (from spring 2005), 
and correspond with the timing of major soil disturbance in the GS40 watershed 
associated with accelerated action 'activities in the former 700 Area. The remaining 
chromium results from GS40 were all below the standard. At GS06, four out of five 
samples collected from 2000 through 2002 were above the surface water standard. Given 
the location of GS06, this is presumed to be from natural sources. 

It is notable that the monitoring location in the former IA with elevated recent chromium 
results (station GS40) had elevated chromium detected in surface water at the same time 
accelerated action work was being conducted that involved widespread soil disturbance 
in the GS40 watershed. Other locations that monitor the IA have historically had 
elevated chromium results during periods of localized watershed soil disturbance; . 
however, the chromium values decreased after the accelerated action work was 
completed and watershed erosion control measures were implemented. An example of 
the impact of temporary soil disturbance on the chromium in surface water is reflected in 
the data for station GS55, located near the site of the former Building 881 demolition 
project, completed in 2004. Chromium levels were temporarily elevated at GS55 in 
2004, then returned to levels below the surface water standard after the accelerated action 
work was completed and watershed soil stability was restored. Time-series plots of 
chromium data are presented for stations GS40 and GS55 on Figure 7.32 and Figure 7.33, 
respectively. As shown by the figures, surface water transport of chromium appears to 
correspond with areas of soil disturbance and the associated transport of suspended solids 
with chromium, which occurs naturally, bound to the soil. 

Because of the transport pathway observed between surface soil and surface water, and 
the residual chromium available in surface soil, surface water is identified as a primary 
migration pathway for chromium at RFETS. 

' 
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The most recent lead results at all locations are below the surface water standard, with 
two exceptions in the former IA, including GS40 (4 results above the standard out of 67 
samples, including 2 most recent in 2005), and GS38, located along the former Central 
Avenue near the 400 Area (1 result above the standard out of 32 samples, including the 
most recent in 2004). 

It is also notable that all of the ponds in all drainages, and locations downstream from the 
ponds, have lead sample results that are either nondetect or below the surface water 
standard. In addition, station GS06, which is reflective of background surface water 
quality on western Woman Creek, had a most recent result above the background mean 
plus two standard deviations. That result suggests the natural variability of background 
concentrations of lead in surface water is large. 

Surface water transport of lead appears to correspond with areas of soil disturbance and 
the associated transport of suspended solids with lead, which occurs naturally, bound to 
the soil. The extent of lead in surface water above the surface water standard is limited to , 
infrequent results at isolated locations. Based on the low concentrations of lead in the site 
ponds, and the likelihood that leadconcentrations will diminish as soil at the site is 
stabilized, surface water is identified as a limited migration pathway for lead at RFETS. 

Nickel 

The most recent nickel (total) results at all locations are below the surface water standard, 
with two exceptions in the former IA, including along the former Central Avenue Ditch 
(location GS38) and northeast of the former Building 371 in North Walnut Creek 
(location GS60). All samples in ponds and downstream from the ponds are detected 
below the surface water standard. Therefore, surface water is identified as a limited 
migration pathway for nickel at RFETS. 

0 

The most recent zinc results at all locations are below the surface water standard. It is 
designated as an A01 in surface water based on prior results. Three locations in the 
former IA have sample results above the background mean plus two standard deviations, 
including GS40, GS32, and SWlOOlOO (located west of the former Building 991). All 
samples in ponds and downstream from the ponds are either nondetect or below the 
surface water standard. Therefore, surface water is identified as a limited migration 
pathway for zinc at RFETS. 

Metal AOIs - Projected Surface Water Quality 

Historic surface water quality data generally indicate limited, localized areas with metal 
concentrations above the surface water standards. Recent sample results above surface 
water metal standards are frequently the result of localized soil disturbances, with 
associated increases in suspended solids, caused by accelerated action activities. Data 0 
DEN/E03200501 ].DOC 7-6 1 



RCRA Facility Investigation-Remedial Investigation/ 
Corrective Measures Study- Feasibility Study Report 

Section 7.0 
Contciminant Fate and Transport 

provide evidence that after soil disturbing activities are complete, and watershed erosion 
.control measures are implemented, metal concentrations decrease in the watershed. This 
suggests that, in the post-accelerated action site condition, metal concentrations can be 
anticipated to generally be in compliance with surface water standards after watershed 
soil stabilization measures have been completed and established. With the exception of 
chromium (discussed above), surface water is identified as a limited migration pathway 
for all of the metals at R E T S ;  

7.6.3.4 Surface Water Quality Parameter Migration 

Nitratehitrite 

Multiple sampling locations in North Walnut Creek have results above the surface water 
standard of 10 mg/L. It is noted that the temporary modification is 100 mg/L until 
December 31,2009, when the temporary modification (which applies to Segment 5 only) 
expires, and the 10 mg/L underlying standard goes into effect. The likely source is 
groundwater from the SEP area, where a distinct nitrate plume exists. As discussed in 
Section 7.2.3, the SPPTS was constructed in 1999 to intercept and treat the SEP nitrate 
plume (K-H 2005d). In addition, in 2005, phytoremediation was completed to enhance 
USHU groundwater in the SEP. 

The most recent nitrate result at Pond A-4, the terminal pond in North Walnut Creek, is 
below the standard, as is the sampling location at the small pond on Walnut Creek at 
Indiana Street (sometimes referred to as the Flume Pond or Pond A-5). In the post- 
accelerated action site condition, nitrate in North Walnut Creek is likely to continue 
exhibiting elevated concentrations in surface water as nitrate from the SEP area migrates 
in groundwater into North Walnut Creek and as reduced surface flows magnify the effect. 
Although nitrate is below the standard at the terminal ponds, because of the pathway 
from groundwater to surface water, surface water is identified as a primary migration 
pathway for nitratehitrite at R E T S .  

7.6.4 Surface Water Contaminant Fate and Transport - Summary and 
Conclusions 

Nineteen surface water AOIs were identified in the surface water and sediment nature 
and extent of contamination section (Section 5.0). These are: 

Radionuclides - Americium-24 1 , plutonium-239/240, uranium (sum of isotopes), 
gross alpha, and gross beta; 

VOCs - cis-1,2-dichloroethene, carbon tetrachloride, chloroform, methylene 
chloride, tetrachloroethene, trichloroethene, and vinyl chloride; 

Metals - Aluminum (dissolved), beryllium (total), chromium (total), lead (total), 
nickel (total), and zinc (total); and 

Water quality parameters - Nitratehitrite (as N). 

Based on the general environmental behavior characteristics of these AOIs, as well as 
other considerations such as persistence in the environment, distribution in environmental 
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media at RFEiTS (other than surface water), and the potential to impact surface water 
quality at the POCs, each surface water A01 is grouped into one of the following two 
general fate and transport categories: 

AOIs with limited migration in surface water; and 

AOIs with surface water as a primary migration pathway. 

The groups of surface water AOIs are listed below, along with a brief summary for each 
analyte regarding its presence in other media, as well as.the dominant transport 
mechanisms that affect its migration in the RFETS environment. 

AOIs With Limited Migration in Surface Water 

Radionuclides 

Gross alpha and gross beta (AOIs in surface water only) - Migration of gross 
alpha and gross beta in surface water is associated with a wide range of analytes 
that have variable migration characteristics and are also identified as AOIs. Gross 
alpha activity above the surface water standard was detected in limited, isolated 
locations near the former Building 771 site. No AOIs are predominantly beta- 
emitters. 

vocs 
Chloroform (A01 in surface soil and subsurface soil in addition to surface water) 
- Migration of chloroform in surface water is localized, and occurs as a result of 
chloroform in groundwater that discharges to surface water. It is prone to 

* relatively rapid volatilization in surface water (minutes to days) (ATSDR 1997). 
It is not detected in surface water above the surface water standard in any of the 
ponds. 

Metals 

Aluminum (A01 in surface soil in addition to surface water) - The most recent 
dissolved aluminum results at all locations are below the surface water standard, 
except at a location northeast of the former Building 771 and in Pond A-4, 
although the Pond A-4 result is below the background mean plus two standard 
deviations. Although recent surface water aluminum data are limited, historic 
samples from watersheds outside the former IA have been detected above the 
surface water standard, suggesting elevated aluminum in surface water from 
natural sources. 

Beryllium (A01 in surface water only) - Migration of beryllium in surface water 
occurs primarily by erosion of particles in soil and sediment (although beryllium 
is not an A01 in these media). Beryllium concentrations in all the ponds are below 
the surface water standard. 

Lead (A01 in subsurface soil in addition to surface water) - Migration of lead in 
surface water occurs primarily by erosion of particles in soil and sediment 
(although lead is not an A01 in these media). It has a high relative natural 
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background presence in soil and sediment and persists indefinitely in the 
environment as a stable element. 

Nickel (A01 in groundwater in addition to surface water) - Migration of nickel in 
surface water occurs in both dissolved and particulate forms. The two locations 
with nickel above the surface water standard are isolated in the former IA, with 
concentrations in all the ponds below the surface water standard. 

Zinc (A01 in surface water only) - Migration of zinc in surface water occurs in 
both dissolved and particulate forms. It has a high relative natural background 
presence in soil and sediment and persists indefinitely in the environment as a 
stable element. 

AOIs With Surface Water as a Primary Migration Pathway 

Radionuclides 

Americium-241 (A01 in surface soil, subsurface soil, and sediment in addition to 
surface water) - Migration of americium-241 in surface water occurs via runoff 
and erosion of soil and sediment with residual americium-241. It persists 
essentially indefinitely in the environment, based on its long radioactive half-life. 

Plutonium-239/240 (A01 in surface soil, subsurface soil, and sediment in addition 
to surface water) - Migration of plutonium-239/240 in surface water occurs via 
runoff and erosion of soil and sediment with residual plutonium-239/240. It 
persists essentially indefinitely in the environment, based on its long radioactive 
half-life. 

Uranium (sum of isotopes) (A01 in groundwater in addition to surface water) - 
Migration of uranium in surface water occurs partially by erosion and sediment 
transport, although the dominant transport mechanism is groundwater discharge to 
surface water (Section 7.5.3.1). Uranium has a high relative natural background 
presence in soil and sediments, and persists essentially indefinitely in the 
environment, based on the long radioactive half-lives of the isotopes present at 
RFETS . 

It is important to note that at the surface water POC locations, plutonium, americium, 
and uranium have remained in compliance with the respective surface water standards 
(0.15 pCi/L for plutonium-2391240 and americium-241, and 10 pCi/L for uranium in 
Walnut Creek [ 11 p C i L  in Woman Creek]), even during soil disturbance caused 
during accelerated actions.24 

vocs 
cis-1,2-dichloroethene (A01 in groundwater in addition to surface water) - 
Detection of methylene chloride in surface water above the surface water standard 

24During the period when accelerated actions were being completed, in accordance with RFCA, surface 
water standards for plutonium-239/240, americium-24 1, and total uranium were based on volume- 
weighted, 30-day moving average concentrations measured at the surface water POC locations. 
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is localized in South Walnut Creek upstream from the ponds. Migration of cis- 
1,2-dichloroethene (a biodegradation daughter product of tetrachloroethene) 
occurs in surface water as a result of groundwater discharges that contain cis-1,2- 
dichloroethene. 

Carbon tetrachloride (A01 in groundwater in addition to surface water) - 
Migration of carbon tetrachloride occurs in surface water as a result of 
groundwater discharges that contain carbon tetrachloride. However, carbon 
tetrachloride is not detected above the surface water standard in the ponds. 

Methylene chloride (A01 in subsurface soil and groundwater in addition to 
surface water) - Migration of methylene chloride occurs in surface water as a 
result of groundwater discharges that contain methylene chloride. However, 
methylene 'chloride is not detected above the surface water standard in the ponds. 

Tetrachlorethene (A01 in subsurface soil and groundwater in addition to surface 
water) - Migration of tetrachlorethene occurs in surface water as a result of 
groundwater discharges that contain tetrachlorethene. However, tetrachlorethene 
is not detected above the surface water standard in the ponds. 

0 

Trichlorethene (A01 in subsurface soil and groundwater in  addition to surface 
water) - Migration of trichloroethene occurs in surface water as a result of 
groundwater with trichloroethene discharging to surface water. Trichloroethene is 
detected above the surface water standard in Ponds B-2 and B-4 (in South Walnut 
Creek), but not in any of the terminal ponds. 

Vinyl chloride (A01 in groundwater in addition to surface water) - Detection of 
vinyl chloride in surface water above the surface water standard is localized in 
South Walnut Creek above the ponds and in Pond B-2, and occurs as a result of 
vinyl chloride in groundwater discharging to surface water. However, vinyl 
chloride is not detected above the surface water standard at the terminal ponds. 

In the site closure configuration, in the near term, the fate and transport of VOCs is 
expected to remain similar to transport patterns observed historically. VOC 
concentrations are anticipated to be elevated in areas where groundwater with residual 
VOC contaminants has historically discharged to surface water. 

Also consistent with historic fate and transport patterns, VOC concentrations will 
diminish in surface water as it flows toward the terminal ponds. In the long term, as 
VOC concentrations are reduced in groundwater, the residual source for VOCs in surface 
water will be reduced accordingly. 

As discussed in Section 7.5.2, continued operation of the accelerated actions 
implemented to mitigate groundwater contamination will diminish the quantities of 
contaminant loading to surface water. 

Metals 

Chromium (A01 in surface soil, subsurface soil, groundwater, and sediment in 
addition to surface water) - Migration of chromium in surface water occurs 0 
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primarily by erosion of surface soil, although groundwater transport also occurs. 
It persists essentially indefinitely in the environment as a stable element. 

Water Quality Parameters 

Nitratehitrite (as N) (A01 in groundwater in addition to surface water) - 
Migration of nitratehitrite in surface water occurs at RFETS primarily as'a result 
of groundwater with nitratehitrite that discharges to surface water. Nitrites are 
generally found in low concentrations in surface water because the oxic 
conditions favor the nitrate ion. Plants can take up nitrate and retard its transport, 
particularly in shallow groundwater (Drever 1988). 

As summarized above, ten of the nineteen surface water AOIs were identified as having 
surface water as a primary migration pathway. These are americium-241, plutonium- 
239/240, uranium (sum of isotopes), carbon tetrachloride, methylene chloride, 
tetrachloroethene, trichloroethene, vinyl chloride, chro.&um, and nitratehitrate (as N). 

The remaining nine AOIs have limited &t&t and limited observable migration in surface 
water at RFETS. Based on an evaluation of their transport characteristics and their 
distribution in RFETS environmental media, these nine surface water AOIs are not likely 
to pose a threat to surface water quality compliance at the POC locations. 

1. - 
. nc-.t.? 

This assessment of the migration characteristics of the surface water AOIs is carried 
forward to the integrated pathway analysis in Section 7.9. 

7.7 Sediment Contaminant Fate and Transport 

This section addresses the fate and transport of contaminants in RFETS sediment. It 
includes a description of the sediment AOIs, a brief summary of the mechanisms related 
to sediment contaminant transport, an evaluation of the RFETS sediment AOIs, and 
conclusions regarding sediment contaminant transport. 

7.7.1 Sediment AOIs 

Ten sediment AOIs were identified in the surface water and sediment nature and extent of 
contamination section (Section 5.0). These are: , 

Radionuclides - Americium-24 1, plutonium-239/240, and uranium-238; 

Metals - Antimony, arsenic, chromium, silver, and thallium; and 

SVOCs - benzo(a)pyrene and dibenz(a,h)anthracene. 

7.7.2 Contaminant Transport Processes and Characteristics 

The general fate and transport mechanisms for contaminants in sediments at RFETS are 
reflected in the conceptual diagram shown on Figure 7.24. The primary process for the 
contamination of sediments is the erosion of contaminated surface soil, with subsequent 
deposition in stream channels and ponds. Surface water erosion, and contamination of 
sediments, is particularly important for low-solubility contaminants bound to soil 
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particles, such as plutonium, americium, and chromium. Detection of these contaminants 
in surface water correlates with elevated concentrations of suspended solids and resulting 
sediment contamination. 

Sediment transport in the post-accelerated action site configuration at RFETS will be 
r2duced compared with the historic developed condition, because the elimination of 
buildings and pavement will result in diminished runoff and reduced peak flow rates 
during storm events, when the majority of sediment transport occurs. In addition, 
vegetative cover over previously exposed soil areas will also promote reduced sediment 
transport. 

For individual AOIs, the fate and transport characteristics in sediments are summarized in 
Table 7.2. 

7.7.3 Migration of Sediment AOIs 

Based on the most recent sample results for the sediment AOIs at each sediment sampling 
location (Section 5.0), general environmental behavior characteristics of the AOIs, and 
other considerations such as persistence in the environment, distribution in environmental 
media at RFETS (other than sediment), and the potential to impact surface water quality, 
each sediment A01 is grouped into one of the following two general fate and transport 
categories: 

AOIs with limited migration in sediment - AOIs are designated as having limited 
migration in sediment if significant migration of the AOI from sediment to 
surface water (either directly or indirectly) is determined to be unlikely, 
particularly at the surface water POCs. 

AOIs withlsediment as a primary migration pathway - AOIs are designated as 
having sediment as a primary migration pathway if significant migration of the 
A01 from sediment to surface water (either directly or indirectly) is determined to 
be reasonably likely, particularly at the surface water POCs. 

Discussions of sediment AOIs are grouped by analyte category: radionuclides, metals, 
and SVOCs. 

7.7.3.1 Sediment Radionuclide Migration 

Americium-24 1 

Three locations exist with sediment sample results above the americium-241 WRW PRG 
value (7.69 pCi/g). All of these sampling locations are in Pond A-1 in North Walnut 
Creek. 

In addition to sediment, americium-241 is distributed as an A01 across R E T S  in several 
other media, including surface soil, subsurface soil, and surface water. Americium-241 is 
present in soil and sediment mainly as insoluble oxides and hydroxides. Its transport 
from soil to sediment is therefore dictated by surface water transport of americium-241 in 
a particulate form. 'Based on data from the different media, an apparent transport 
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' pathway exists for americium-241 from surface soil to sediment , particularly in the 
North Walnut Creek drainage, based on the sediment sample results.in that watershed. 

Because of the residual americium-241 distribution in sediment, and its potential to be 
transported from sediment to surface water via erosion processes, sediment is identified 
as a primary migration pathway for americium-241 at RFETS. 

Plutonium-239/240 

Several locations exist with sediment sample results above the plutonium-239/240 WRW 
PRG value (9.80 pCi/g). Locations above the WRW PRG include along the former 
Central Avenue Ditch (SEDlOlOl), five locations in the North Walnut Creek drainage (in 
Pond A-1 and vicinity downstream), three locations in the South Walnut Creek drainage 
(in Ponds B-3 and B-4), in the SID southwest of the former 903 Pad (SEDO39), and near 
the former shooting range in the 903 Pad Lip Area (SED090300). 

Multiple locations have sample results below the WRW PRG, but above the plutonium- 
239/240 background mean plus two standard deviations concentration. These locations 
are distributed throughout site, including in the former IA, as well as in North and South 
Walnut Creeks, the SID, and Woman Creek, downstream from the former IA. In 
addition, samples with results above the sediment background mean plus two standard 
deviations for plutonium-239/240 have been collected in the Woman Creek drainage in 
areas not within the former IA watershed, as well as in the Rock Creek and Smart Ditch 
drainages. 

In addition to sediment, plutonium-239/240 is distributed as an A01 across RFETS in 
several other media, including surface soil, subsurface soil, and surface water. Similar to 
americium-241, plutonium-239/240 is present in soil and sediment mainly as insoluble 
oxides and hydroxides, and its transport from soil to sediment is dictated by surface water 
transport of plutonium in a particulate form. The half-life of plutonium-239 is 
approximately 24,390 years (plutonium-240 is over 6,500 years), thus plutonium is 
considered, for the purposes of this analysis, to exist indefinitely. Based on data from the 
different media, an apparent transport pathway exists for plutonium-239/240 from surface 
soil to sediment (in the North Walnut Creek, South Walnut Creek, and SID watersheds). 

Because of the residual plutonium-239/240 distribution in sediment, and its potential to 
be transported from sediment to surface water, sediment is identified as a primary 
migration pathway for plutonium-239/240 at RFETS. 

Uranium-238 

One location (SED21393) exists with sediment sample results above the uranium-238 
WRW PRG (29.3 pCi/g). SED21393 is located in the 400 Area of the former IA. 

Multiple locations have sample results below the WRW PRG, but above the uranium-238 
background mean plus two standard deviations concentration (3.38 pCi/g). These 
locations are distributed throughout the site, including in the former IA (400 Area), and in 
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the North Walnut Creek drainage (in and adjacent to Ponds A-1 and A-2). In addition, 
several locations that are not downgradient from the former IA have sediment sample 
results above the background mean plus two standard deviations value for uranium-238. 
These include samples from the Raw Water Pond (west of the former IA), in the western 
Woman Creek watershed, and in the Smart Ditch drainage. 

In addition to sediment, uranium-238 is an A01 in surface soil and subsurface soil. 
Uranium transport in surface water is affected by adsorption and desorption on aquatic 
sediments. In most waters, sediments act as a sink for uranium. In terms of persistence, 
uranium-238 remains in the environment nearly indefinitely, with a half-life exceeding 4 
billion years. The wide range of natural uranium-238 in soils and sediments at RFETS 
makes it difficult to distinguish natural background uranium from anthropogenic sources. 
However, uranium isotope data indicate the uranium detected in surface water 
downstream from the ponds is predominantly from natural sources (see uranium isotope 
discussion in Attachment 4 to this section). 

Based on the limited extent of uranium-238 in sediment above the WRW PRG, and data 
that jndicate the dominant form of uranium in surface water is from natural sources, 
sediment is identified as a limited migration pathway for uranium-238 at RFETS. 

7.7.3.2 Sediment Metal Migration 

Antimony 

Sediment sample results at all locations are below the WRW PRG for antimony, with the 
exception of one location (SED51593), that has a result above the WRW PRG: 
SED5 1593 is located on the hillside south of the former Building 444, just outside the 
former-IA. 

Antimony transport in surface water is generally associated with particulate matter, 
versus dissolved forms. Although antimony is a surface water AOI, it is not detected 
above the surface water standard in the Woman Creek basin. Thus, elevated antimony 
values between surface water and sediment do not correspond spatially. Based on the 
limited extent of antimony in sediment, and the absence of detections above the surface 
water standard in the Woman Creek basin, sediment is identified as a limited migration 
pathway for antimony at RFETS. 

Arsenic 

Sediment sampling locations are widely distributed across the site with sample results 
above the arsenic WRW PRG (44,434.8 micrograms per kilogram [pgkg]). In addition, 
locations exist in all of the major drainages with sediment arsenic concentrations below 
the WRW PRG, but above the background mean plus two standard deviations (10,057.4 
pg/kg). Drainages with results above the WRW PRG include Rock Creek and Smart 
Ditch, which are not in the watershed of the former IA. The highest sample result, at 
sampling Iocation SEDO19, is also not in the IA watershed. SED019 is located near 
Antelope Springs in the Woman Creek watershed. 
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Most arsenic compounds have low solubility and are strongly sorbed to sediments; thus, 
arsenic transport from surface water to sediment is primarily associated with particle 
transport. In addition to sediment, arsenic is an A01 in surface soil, subsurface soil, 
groundwater, and surface water. However, as noted above, arsenic is detected in 
sediment above the WRW PRG at locations representative of background concentrations, 
such as the Rock Creek and Smart Ditch basins, and upgradient from the former IA in the 
western Woman Creek basin. Based on the high background concentrations that 
contribute to arsenic in sediment across the site, sediment is identified as a limited 
migration pathway for arsenic at RFETS. 

Chromium 

Several locations exist with sediment sample results above the chromium WRW PRG 
(28417.9 F o g ) ,  including locations across the former IA and in the North Walnut Creek 
drainage (at Ponds A-2 and A-3). 

In addition to sediment, chromium is distributed as an A01 across R E T S  basins in 
several other media, including subsurface soil, groundwater, and surface water. 
Chromium is present in soil and sediment mainly as an insoluble oxide, and its transport 
is therefore dictated by surface water transport of particles. As a stable element, 
chromium persists in the environment indefinitely. Although surface water at a 
background location in western Woman Creek (station GS06) has chromium detected 
above the surface water standard, the majority of detections in all media are in 
watersheds downstream from the former IA. Based on data from the different media, an 
apparent transport pathway exists for chromium from surface soil to sediment. Because 
of the residual chromium distribution in sediment, and its potential to be transported from 
sediment to surface water, sediment is identified as a primary migration pathway for 
chromium at RFETS. 

Silver 

Silver is an A01 in sediment only. The A01 designation is based on one sampling 
location, in Pond B-4, with results above the silver WRW PRG (555,435 pg/kg). Based 
on the limited extent of silver in sediment, and the absence of detections above the 
surface water standard, sediment is identified as a limited migration pathway for silver at 
RFETS . 

Thallium 

Thallium is an A01 in sediment only.. The A01 designation is based on one sampling 
location, in Pond C-1, with results above the thallium WRW PRG (7,776 pg/kg). Based 
on the limited extent of thallium in sediment, and the absence of detections in surface 
water above the surface water standard, sediment is identified as a limited migration 
pathway for thallium at RFETS. 
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7.7.3.3 Sediment SVOC Migration 

Benzo(a)pyrene 

Locations exist across the former IA and in the South Walnut Creek drainage with 
sediment sample results above the benzo(a)pyrene WRW PRG (378.9 pg/kg). 

Benzo(a)pyrene is also distributed in RFETS basins as an A01 in surface and subsurface 
soil, but it  is not an A01 in surface water. While PAHs such as benzo(a)pyrene have a 
tendency to sorb to organic carbon, they also biodegrade relatively quickly (with a half- 
life in the range from 20 days to hundreds of days). Because new sources of 
benzo(a)pyrene are not being introduced, and based on the relatively short half-life of 
benzo(a)pyrene and its absence as an A01 in surface water, sediment is identified as a 
limited migration pathway for benzo(a)pyrene at RFETS. 

Dibenz(a,h)anthracene 

Dibenz(a,h)anthracene is an A01 in sediment based on one sediment sampling location, 
in Pond C-1, with sediment concentrations of dibenz(a,h)anthracene above the WRW 
PRG. The most recent sample results at all other sediment sampling locations are either 
nondetect or are detected below the WRW PRG. Based on the limited extent of 
dibenz(a,h)anthracene in sediment, and the absence of detections in surface water above 
the surface water standard, sediment is identified as a limited migration pathway for 
dibenz(a,h)anthracene at RFETS. 

7.7.4 Sediment Contaminant Fate and Transport - Summary and Conclusions 

Ten sediment AOIs were identified in the surface water and sediment nature and extent of 
contamination section (Section 5.0). These are: 

Radionuclides - Americium-241, plutonium-239/240, and uranium-238; 

Metals - Antimony, arsenic, chromium, silver, and thallium; and 

SVOCs - Benzo(a)pyrene and dibenz(a,h)anthracene. 

Based on the general environmental behavior characteristics of these AOIs, as well as 
other considerations such as persistence in the environment, distribution in environmental 
media at RFETS (other than sediment), and the potential to impact surface water quality, 
each A01 is grouped into one of the following two general fate and transport categories: 

AOIs with limited migration in sediment; and 

AOIs with sediment as a primary migration pathway. 

The groups of sediment AOTs are listed below, along with a brief summary for each 
analyte regarding its presence in other media, as well as the dominant transport 
mechanisms that effect its migration in the RFETS environment. 
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AOIs With Limited Migration in Sediment 

Radionuclides 

Uranium-238 (A01 in surface soil, and subsurface soil, and air in addition to 
sediment) - Migration of uranium-238 in sediment occurs partially by erosion and 
sediment transport, although migration of uranium-238 into groundwater is a 
dominant transport mechanism (Section 7.5.3.1). Uranium-238 has a high relative 
natural background presence in soil and sediment at RFETS, and it persists 
essentially indefinitely in the environment, based on its long radioactive half-life. 

Metals 

Antimony (A01 in surface water in addition to sediment) - Migration of antimony 
in sediment occurs primarily by erosion and sediment transport. It has a high 
relative natural background presence in soil and sediment at RFETS and persists 
indefinitely in the environment as a stable element. The single location with 
elevated antimony in sediment is not co-located with areas of elevated antimony 
in surface water. 

Arsenic (A01 in surface soil, subsurface soil, and surface water in addition to 
sediment) -Migration of arsenic in sediment occurs primarily by erosion and 
sediment transport. It has a high relative natural background presence in soil and 
sediment at R E T S  and persists indefinitely in the environment as a stable 
element. 

Silver (A01 in sediment only) - The extent of silver in sediments at 
concentrations above the WRW PRG is limited to one location, in Pond B-4. 
Silver is not an A01 in surface water. 

Thallium (A01 in sediment only) -The extent of thallium in sediments at 
concentrations above the WRW PRG is limited to one location, in Pond C-1. 
Thallium is not an A01 in surface water. 

svocs 
Benzo(a)pyrene (A01 in surface soil in addition to sediment) - Migration of 
benzo(a)pyrene in sediment occurs primarily by erosion and sediment transport. 
It is relatively short-lived in the environment (half-life up to several hundred 
days). 

Dibenz(a,h)anthracene (A01 in surface soil in addition to sediment) - Dibenz(a,h) 
anthracene is an A01 in sediment based on one sampling location, in Pond C-1, 
with sediment concentrations of dibenz(a,h)anthracene above the WRW PRG. 
Migration of benzo(a)pyrene in sediment occurs primarily by erosion and 
sediment transport. It is relatively short-lived in the environment (half-life up to 
several hundred days). 
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AOIs With Sediment as a Primary Miaation Pathway 

Radionuclides 
0 

Americium-241 (A01 in surface soil, subsurface soil, surface water, and air in 
addition to sediment) - Migration of americium-241 in sediment occurs by 
erosion and sediment transport. It persists essentially indefinitely in the 
environment, based on its long radioactive half-life.’ 

Plutonium-239/240 (A01 in surface soil, subsurface soil, surface water, sediment, 
and air in addition to sediment) - Migration of plutonium-239/240 in sediment 
occurs by erosion and sediment transport. It persists essentially indefinitely in the 
environment, based on its long radioactive half-life. 

Metals 

Chromium (A01 in surface soil, subsurface soil, groundwater, and surface water 
in addition to sediment) - Migration of chromium in sediment occurs primarily by 
erosion of surface soil, although groundwater transport also occurs. It persists 
essentially indefinitely in the environment as a stable element. 

As summarized above, three of the ten sediment AOIs were identified as having sediment 
as a primary migration pathway. These analytes, americium-241 , plutonium-239/240, 
and chromium, also have surface soil as a primary migration pathway. Migration of these 
AOIs in sediments is dictated by the erosion and transport of insoluble particles. 
Although runoff from the site will be significantly reduced in the post-accelerated action 
configuration, with corresponding reductions in erosion and sediment transport, ,residual 
americium-241, plutonium-239/240, and chromium will exist in sediment, available for 
potential transport to surface water. 

0 

The remaining seven AOIs have limited extent and limited observable migration in 
sediment at RFETS. Based on an evaluation of their transport characteristics and 
distribution in R E T S  environmental media, these seven sediment AOIs are not likely to 
migrate extensively in sediment at R E T S  and therefore are less likely to pose an 
eventual threat to surface water quality compliance at the POC locations. 

In general, sediment transport in the post-accelerated action configuration will be reduced 
compared with the historic developed condition, because the elimination of buildings and 
pavement will result in diminished runoff and reduced peak flow rates during storm 
events, when the majority of sediment transport occurs. In addition, vegetative cover 
over previously exposed soil areas will also promote reduced deposition and migration of 
sediments. 

This assessment of the migration characteristics of the sediment AOIs is carried forward 
to the integrated pathway analysis in Section 7.9. 
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7.8 Air Contaminant Fate and Transport 

This section describes the expected fate and transport of airborne contaminants from 
RFETS following completion of accelerated actions. The evaluation is based on the 
assumption that the future land use is a National Wildlife Refuge and that disturbance of 
soils containing residual radionuclide contamination will be minimal. As reported in the 
nature and extent of air contamination section (Section 6.0), many historical RFETS 
airborne contaminants are no longer emitted following completion of accelerated actions, 
or are emitted at rates that do not and will not pose a threat to human health or the 
environment. Given their persistence in the environment, expected downwind 
concentrations of long-lived radionuclide contaminants are quantified and discussed 
below. 

A conceptual model of ongoing, post-accelerated action airborne emissions from R E T S  
is shown on Figure 7.34. The concentration and'deposition of radionuclides in the 
RFETS environment depends on the local patterns of wind flow. Figure 7.35 shows a 
joint frequency distribution of wind speed and direction (wind rose) for 2004, a 
representative year. The figure shows that prevailing winds occur from the northwest 
quadrant, but that winds from other directions also occur, with reduced frequency. 

7.8.1 Air Pollutants of Potential Concern 

Historical sources of air pollutant emissions were described in Section 6.0 and are 
summarized in Table 7.9. Air pollutants historically emitted from RFETS sources 
included: 

Plutonium, americium, and uranium; 

Tritium; 

Beryllium; 

v o c s ;  

Carbon monoxide (CO); 

Sulfur dioxide (SO& 

Nitrogen oxides (NO,); 

Ozone-depleting substances. 

Particulate matter and fine particulate matter (PM/PMlo); 

Landfill gas (primarily methane and carbon dioxide [CO& 

Hazardous air pollutants (HAPS); and 

During the weapons production era at RFETS, the major sources of airborne 
contamination comprised releases of radionuclides, VOCs, and metals from stacks 
venting building processes and operations; conventional pollutant sources such as fuel 
combustion in boilers and generators, street sanding, traffic, refrigerant leaks, and 
fugitive dust from disturbed soils; and resuspension of contaminants deposited on surface 
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soil by prior events (such as fires or leakage of radioactively contaminated oils and VOCs 
from drums stored at the 903 Pad). During the cleanup phase, accelerated action 
activities and building decommissioning represented additional sources of emissions to 
air, while simultaneously both stack emissions and resuspension of contaminated surface 
soil decreased their relative contribution as buildings were demolished and soil 
Contamination was cleaned up. 

0 

The nature and extent of air contamination discussion noted that most sources of the 
above-listed air pollutants have been eliminated at the site. Nonfugitive and regulated 
sources of most pollutants, including boilers, generators, vehicle refueling operations, 
paint spray booths, aggregate storage piles, tanks containing volatile substances, open 
burning, refrigerant leaks, and so forth are no longer present following completion of 
accelerated actions. 

7.8.2 Contaminant Transport Processes and Characteristics 

With the completion of accelerated actions under RFCA, sources of ongoing emissions to 
air include only (1) resuspension of residual radioactive contaminants attached to surface 
soil particles, and (2) volatilizationhelease of VOCs from surface water, shallow 
groundwater, residual subsurface contamination, and the closed landfills. As described in 
Section 6.0, VOC emissions are rapidly decreasing and offer no health or environmental 
concerns at present and future levels. As a result, they have not been evaluated further in 
this section. The screening process carried out in the nature and extent discussion 
identified only resuspended plutonium, americium, and uranium from surface soil as air 
pollutants of potential concern worth quantifying further, primarily because their long- 
radioactive half-lives (as discussed in Table 7.2) means they will persist in the 
environment and, therefore, represent an ongoing source of potential emissions in the 
future. 

Accelerated actions have removed surface soil contaminated with plutonium, americium, 
and uranium above the RFCA soil action levels (ALs), greatly limiting potential future 
emissions. However, the diffuse, residual contamination in surface soil will continue to 
result in small amounts of radionuclide particles in air due to the ongoing resuspension 
and movement of soil (fugitive dust) by wind, such as occurs on all open lands along the 
Front Range of Colorado. Ongoing emissions of plutonium, americium, and uranium 
from the remaining areas with actinide contamination above background levels are 
further evaluated below to quantify airborne concentrations. 

7.8.3 Migration of Air Pollutants of Potential Concern 

During FY99 through FYO1, as part of the AME, an RETS-specific emission estimating 
method was developed to calculate fugitive particulate matter and radionuclide emissions 
due to resuspension of contaminated soil particles by wind. That methodology is 
employed here to estimate expected impacts due to ongoing radionuclide emissions from 
the remaining areas with residual surface soil contamination at R E T S .  Details of the 
modeling are provided in Attachments 2 and 3 to this section. a 
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Modeling of chronic wind erosion emissions of radionuclides following completion of 
accelerated actions showed that maximum post-accelerated action concentrations of 
radionuclides due to residual contamination will be one or more orders of magnitude 
below the annual EPA air dose limit (10 mrem), even when added to regional background 
concentrations of actinides. While dose estimates due to residual radionuclide 
contamination in RFETS soil becoming airborne are low, this pathway will continue for 
many years due to the long radioactive half-lives of the isotopes involved, as well as their 
relative insolubility. 

Modeling of wind erosion following a hypothetical fire in the former 903 Pad area was 
predicted to increase annual airborne actinide concentrations by as much as a factor of 11 
when compared to unburned conditions (particulate matter concentrations would increase 
by smaller amounts). The increases in particulate matter and actinide concentrations 
would vary with the location of the hypothetical fire and with the time of the year that the 
fire occurred. A hypothetical fall fire would cause greater concentration increases than a 
hypothetical spring fire because vegetation would recover more slowly over the winter 
months than during the spring and summer. It is noted that the area modeled generally 
corresponds with the area of highest residual plutonium in surface soil in the post- 
accelerated action site condition. Even when added to regional background airborne 
actinide concentrations, plus the contribution of wind erosion emissions from unburned 
areas of RFETS, the maximum annual Effective Dose Equivalent (EDE) was projected to 
be less than 15 percent of the annual EPA air dose benchmark of 10 mrem. Thus, no air 
pollutants are further evaluated. 

7.8.4 Air Contaminant Fate and Transport - Summary and Conclusions 

Air pollutants of potential concern identified in the nature and extent of air contamination 
section (Section 6.0) are: 

Radionuclides - Americium-241, plutonium-239/240, uranium-233/234, uranium- 
235, uranium-238, and tritium; 

Metals - Beryllium; 

VOCs - General category; 

PM/PM,,; 

co; 
so*; 
NOx; 

Landfill gas; 

HAPs;and 

Ozone-depleting substances. 

Based upon the air data, air pollutants that warranted further modeling were plutonium, 
americium, and uranium, because of their diffuse, residual contamination in surface soil 
and long-term persistence in the environment. Modeling results indicate that all 
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Therefore, all of the airborne pollutants are identified as having limited migration in air at 
RFETS.. 

7.9 Integrated Pathway Analysis 

The purpose of the integrated pathway analysis is to provide a comprehensive summary 
and evaluation of the AOIs analyzed for each environmental medium. Of particular 
interest is the potential effect on surface water quality caused by the migration of each 
AOI. The analysis in this section takes into consideration several factors, which include: 

The fate and transport of the select AOIs in specific environmental media at 
R E T S ;  

The migration of those AOIs between media; and 

The effect of accelerated actions implemented to remove contaminant source 
areas and disrupt contaminant migration. 

Based on these factors, the final objective of the integrated pathway analysis is to assess 
whether surface water quality at the POCs can reasonably be expected to continue to 
meet the objectives set forth in RFCA. AOIs that meet RFCA objectives are not being 
carried forward for further evaluation to the FS portion of this RWS (Sections 9.0 and 
10.0), based solely on contaminant fate and transport. 0 
7.9.1 Results of A 0 1  Pathway Analysis 

Previous sections in this fate and transport analysis provide assessments of A01 
migration in surface soil, subsurface soil, groundwater, surface water, sediment, 
and air (Sections 7.3 through 7.8). For each medium, certain AOIs are identified 
that represent a primary migration pathway. Environmental mediudAO1 
combinations are identified as pI;imary migration pathways if significant 
migration of the A01 from the medium to surface water (either directly or 
indirectly) is determined to be reasonably likely, particularly at the surface water 
POCs. In contrast, an environmental medium/AOI combination is designated as 
having limited migration if significant migration of the A01 from the medium to 
surface water (either directly or indirectly) is determined to be unlikely. 

To summarize the fate and transport information from all the media, the following 
information is compiled in Table 7.10: 

A description of the spatial distribution of the AOIs in each medium; and 

A description of the spatial distribution of the AOIs in each medium. 

Review of Table 7.10 provides a means for readily assessing how the different AOIs are 
distributed across different media. The spatial assessment process is the first step in the 
integrated pathway analysis. 

0 
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To build on the spatial distribution information summarized in Table 7.10, Table 7.11 
provides a compilation of the following information: 

A listing of the primary migration pathways (identified in Sections 7.3 through 
7.8); 

The basis for designation of primary migration pathways; and 

An overall summary of migration process(es) for each AOI, including surface 
water quality at the POCs, the effect of accelerated actions on A01 source 
removal and migration, and a determination whether the A01 should be carried 
forward to the FS for further evaluation. 

No AOIs are carried forward for further evaluation in the FS based on their fate and 
transport characteristics, summarized in Table 7.11. For nearly all of the A O I S ~ ~ ,  
regardless of their migration or lack of migration at RETS,  surface water concentrations 
are compliant with the surface water standards at the POC locations, and/or at the 
terminal ponds immediately upstream from the POCs if POC data do not exist. 

To mitigate the migration of groundwater contaminants, particularly VOCs, nitrate, and 
uranium, accelerated actions have been implemented that are reasonable and practicable, 
based on the local environmental conditions and constraints, such as hydrogeology and 
topography. Groundwater treatment systems (including the SPPTS, MSPTS, and SPPTS) 
have been constructed to treat groundwater AOIs prior to being discharged to surface 
water. Enhancements to groundwater treatment systems have also been implemented 
where practicable. The groundwater treatment systems must be retained to have a 
positive effect on surface water quality in terms of potential impacts from groundwater 
over the short term and intermediate term periods. 

To address contaminants that migrate primarily via surface erosion processes, such as 
plutonium and americium, maintenance of erosion controls, including revegetation, is 
necessary to support the ongoing compliance with surface water quality standards, 
consistent with objectives set forth in FWCA. Accelerated actions that removed A01 
surface soil sources will benefit. future surface water quality. 

Finally, air quality is expected to maintain compliance with the total off-site annual 
Effective Dose Equivalent (EDE) of radionuclides, which has been less than 3 percent of 
the allowable 10-mrem standard, based on samples collected since 1999. Similar to 
surface water, accelerated actions that removed surface soil A01 sources will benefit 
future air quality. 

25 Aluminum is detected in the most recent sample result above the surface water standard in Pond A-4 
(terminal pond on North Walnut Creek), although the result is below the background mean plus two 
standard deviations. 
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Table 7.1 
Nature and Extent Analytes of Interest - Summary by Media 

0 

nuclides 

v o c s  

Metals 

- I x I  Americium-24 1 

X I-IKI 1 - 1  X I x I  Plutonium- 
239/240 

uranium-2331234 I x I - I - . I - I - I - I 
Uranium-235 X X - 

Uranium-238 X X X 

- 

Uranium 
(sum of isotopes) 

Grossalpha I - I - I - I x I - I - I 
- Gross beta X - - 

cis-1,2- X X - - 
Dichloroethene 

- 1,2- X 

1,l- X - 

- 
Dichloroethane 

Dichloroethene 
- - - 

- Benzene X 

Carbon X X X - - 
Tetrachloride 
Chloroform I - 1 X I X I X I  - 1 - 1  

Chloromethane X 
- Methylene X X X - - 

chloride 
Tetrachloro- X X X - 

ethene 
Trichloroethene X X X - - 

- 1,1,2,2- X 

Tetrachloro- 
ethane 

- Vinyl chloride X X 

Aluminum X X 

Antimony X 

- - - 
(dissolved) 

Arsenic x X X 
(dissolved) 

Beryllium X 
Chromium X X X X X 

(total) 
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Table 7.1 
Nature and Extent Analytes of Interest - Summary by Media 

aAnalytes in groundwater and surface water are “total” (unfiltered) unless noted as “dissolved” (filtered). 
Air has no AOIs because all analytes were measured with airborne concentrations at levels well below the 

allowable standard. However, certain analytes are designated as Air Pollutants of Potential Concern, though 
only plutonium, americium, and uranium isotopes uranium-233/234, uranium-235, and uranium-238 were 
modeled, because of their residual in soil. 

b .  
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Americium-24 1 
(Radionuclide) 

Plutonium-239/240 

(Radionuclide) 

Table 7.2 
AOIs - Contaminant Behavior and Persistence in the Environment 

Surface Soil / Subsurface Soil 

The strong tendency of americium hydroxides to sorb onto surfaces is a dominant and often controlling feature in americium geochemistry. Therefore, 
americium is generally transported with soil particles or colloids, carried by wind and water movement. The major reactions influencing the environmental 
fate of americium are formation of complexes with anions and natural organic matter, precipitation, and sorption. americium migration in the environment can 
also occur due to its association with particles or colloids (pseudocolloids); pseudocolloids are present in nearly all waters and are formed as a result of the 
weathering of rocks, soil, and plant material. Am(lI1) ions are also prone to undergo polymerization reactions under environmental conditions to form 
colloidal polymers. 

Although americium can exist in multiple oxidation states, the most likely redox state of americium in soils is Am(lI1) (Bondietti et al. 1977; Nelson and 
Orlandini 1986), which forms relatively insoluble oxides and hydroxides. Leaching studies of surface-deposited americium-241 indicates it has low relative 
mobility. Three soils of widely differing characteristics found that 98 percent of the americium was retained in upper 2 centimeters of soil (Vyas and Mistry 
1980). R E T S  studies indicate the majority of americium-241 is confined to the top 20 centimeters (K-H 20024. 

Air 
Although not an A01 americium-241 is a pollutant of potential concern in air. In the atmosphere, americium is associated with particulate matter, and the 
transport of americium in air will therefore be governed by that of its host particles (Bennett 1979). Dry deposition and precipitation remove americium from 
the air and deposit it on the ground or in water. Smaller or lighter particles will travel farther from their origin before being deposited than larger or denser 
particles. Once deposited on the land, the particles may be resuspended. 

Surface Water / Sediment 

In aerated waters, americium is invariably in the Am(II1) state, in the absence of oxidants other than atmospheric oxygen (Bondietti et al. 1977; Nelson and 
Orlandini 1986). Americium hydroxide, resulting from rapid hydrolysis of americium in solution, is insoluble in both fresh and marine waters, precipitating as 
particulate matter or sorbing to suspended particulates (Warner and Harrison 1993, Chapter 1). The association of americium with particulate matter and 
sediments controls its behavior and distribution in the aquatic environment. The main processes by which americium becomes associated with solids are: . 
* 

Americium released to water is rapidly depleted from the water column and deposited in surface sediment (Murray and Avogadro 1979). In sediments, the 
highest americium concentrations are generally associated with the smallest particle sizes. 

Adsorption of americium to solid surfaces of soils, sediments, and colloids; 

Ion exchange of americium to charged sites on clay and mineral surfaces and humic material; 

Precipitation of hydrolyzed americium as polyhydroxides and oxides; and 

Coprecipitation and occlusion of americium with other precipitating minerals, such as oxides of aluminum, iron, and manganese. 

Surface Soil / Subsurface Soil 

Plutonium in the environment exists mostly as precipitated oxides (PuOz) and in a strongly sorbed state to the organic and oxide fractions of surface soils and 
sediments (Livens et al. 1986). The strong tendency of the plutonium hydroxides to sorb onto surfaces is a dominant and often controlling feature in 
plutonium geochemistry. Therefore, plutonium is generally transported with soil particles or colloids, carried by wind and water movement. Plutonium can 
:xist in four oxidation states: 111, IV, V and VI (Allard and Rydberg 1983; Choppin et al. 1997). A fifth oxidation state Pu(VI1) can be created, but is not 
found in nature (K-H 20Ma). Pu(1V) hydrolyzes readilyto fonn,hydrolytic species with the general formula, Pu(OH),'4+ (m = 1,2,3,4). Form = 1 , 2  or 3, 
plutonium forms the cations Pu(0H) %, Pu(OH)P, and Pu(OH),', which can contribute significantly to the overall solubility of plutonium. However, the case 
D f  m = 4 leads to amorphous Pu(OH),(s), which has very low solubility. 

Plutonium found in soils may undergo oxidationheduction reactions in places where soil contacts water. In addition to oxidationkeduction reactions, 
Plutonium can react with other ions in soil to form complexes. These complexes may then be absorbed by roots and move within plants; however, the relative 
jptake by plants is low. In plants, the complex can be degraded but the elemental plutonium will remain. 

& 

\ 

4lthough not an A01 pIutonium-239/240 is a pollutant of potential concern in air. In the atmosphere, plutonium is associated with particulate matter, and the 
ransport of plutonium in air will therefore be governed by that of its host particles. Dry deposition and precipitation remove plutonium from the air and 
leposit it on the ground or in water. Smaller or lighter particles will travel farther from their origin before being deposited than larger or denser particles. 
3nce deposited on the land, the particles may be resuspended. 

years. 

The half-life of plutonium-239 is 24,390 
years, and the half-life of plutonium-240 is 
6,537 years. 

At RFETS, americium has been extensively studied in 
the AME. Americium at RFETS are almost entirely 
(around 99 percent) in solid forms, either bound to 
soil and sediment particles or precipitated as oxides 
and hydroxides (this percentage is essentially the 
same as that found worldwide) (K-H 20024. 

Nearly all the americium radioactivity in RFETS soil 
is confined to the top 20 centimeters (about 90 
percent in the top 12 centimeters) and has been stable 
in that configuration with no significant movement 
below this depth for about 30 years (K-H 20024. 

The AME Pathway Analysis Report provides 
information indicating that the solubility of 
americium solids under the oxidizing environmental 
conditions most common at RFETS is very low, 
around 10 to15 molesfliter. Although reducing 
conditions are likely to exist in the treatment ponds 
and in landfill locations, there is evidence that 
reducing conditions do not increase americium 
mobility at RFXTS (K-H 2002a). 

A result of the observations above is that subsurface 
mobility of americium is expected to be very low (K- 
H 2002a). 

Historic data demonstrate the fate and transport of 
americium is associated with the migration of soil and 
sediment particles it is associated with, via wind and 
water erosion. Surface water data demonstrate 
sedimentation is effective for removing americium 
from the water column in the R E T S  ponds (K-H 
2002a). 

41 RFETS, plutonium has been extensively studied in 
he AME. In environmental conditions common at 
RFETS, plutonium is in its least soluble oxidation 
;tate, Pu(N). Runde et al. studied the speciation of 
dutonium in contaminated soils from RFETS. The 
lata from X-ray absorption spectroscopy (XANES, 
WAFS) indicated that plutonium was present in the 
%(N) state as expected and was structurally similar 
o the highly stable and immobile PuOz (K-H 2002a). 

iecent measurements of plutonium in RFETS soils 
?om the 903 Pad and L.4 Buildings support many 
:artier studies indicating that plutonium at RFETS is 
ilmost entirely present as PuOz, generally accepted to 
)e immobile in the subsurface, except for potential 
:olloid-facilitated movement (K-H 2002a). 

'lutonium at RFETS is almost entirely (around 99 
Krcent) in solid forms, either bound to soil and 
)ediment rmticles or PreciDitated as oxides and 
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Uranium-233n34 
Uranium-235 
Uranium-238 
Uranium (sum of isotopes) 

(Radionuclides) 

Table 7.2 
AOIs - Contaminant Behavior and Persistence in the Environment. 

Surface Water / Sediment 

Plutonium dissolved in environmental waters tends to be progressively eliminated from the water as it encounters surfaces to which it can sorb and conditions 
that result in precipitation. Over 99 percent of plutonium released to arid environments ends up in soil and sediments (Warner and Harrison 1993, Chapter 4; 
Watters et al. 1983). In natural waters, plutonium solubility is generally limited by the formation of amorphous hydroxides or oxides. Sorption of hydrolyzed 
Pu(IV) in natural water on mineral surfaces and surfaces coated with organic material is often accountable for the very low observed concentrations of 
dissolved plutonium. 

The main processes by which plutonium becomes associated with solids are: 

The estimated solubility of amorphous Pu(OH)., IS around 
impose an upper limit on the total amount of dissolved plutonium that can be present, even if Puw) or Pu(VI) is the more stable dissolved state. When 
Pu(OH),(am) and Pu02(c) are present, they limit the concentrations of soluble plutonium species to about IO-* M to 10.'' M (Langmuir 1997; Rai et al. 1980; 
and Delegard 1987). 

Adsorption of plutonium to solid surfaces of soils, sediments, and colloids; 

Ion exchange of plutonium to charged sites on clay and mineral suffaces and humic material; 

Precipitation of hydrolyzed plutonium as polyhydroxides and oxides; 

Coprecipitation and occlusion of dissolved plutonium with other precipitating minerals, such as oxides of aluminum, iron, and manganese; and 

Polymerization of plutonium ions into colloidal solids with molecular weights up to about 10,OOO Daltons. 

M and that of &02(c) around 10-15(*3) M. The solubilities of the solid forms of plutonium 

Surface Soil / Subsurface Soil 

Uranium minerals in ore deposits are commonly found in association with carbonaceous matter (Breger 1974). It appears that mobile U(V1) sorbs to organic 
matter and is reduced to form solid phases like uraninite. Based on its mineralogy, in the absence of elevated concentrations of vanadate, orthophosphate, or 
silica, the mobility of uranium is high under oxidizing conditions (as uranyl carbonate and hydroxide complexes), but low under reducing conditions and/or in 
the presence of organic matter. Significant reactions of uranium in soil are formation of complexes with anions and ligands or humic acid, and reduction of 
soluble U(V1) to insoluble U(IV). Other factors that control the mobility of uranium in soil are the redox potential, the pH, and the sorbing characteristics of 
the sediments and soils (Allard et al. 1979, 1982; Brunskill and Wilkinson 1987; Herczeg et al. 1988; Premuzie et al 1995). Retention of uranium by the soil 
may be due to adsorption, chemisorption, ion exchange, or a combination of mechanisms (Allard et al. 1982). The sorption of uranium in most soils is such 
that it may not leach readily from soil surface to groundwater, particularly in soils containing clay and iron oxide (Sheppard et al. 1987). Numerous 
investigators have measured K,, values under a wide range of experimental conditions for uranium sorption on various geologic materials including pure 
mineral phases, soils, sediments, clays, and crystalline rocks. A number of compilations and reviews of uranium K.,s have been published. EPA (1999) also 
compiled many of these published uranium K,,s and plotted them as a function of pH. 

&r 

Although not an AOI, uranium is a pollutant of potential concern in air. The transport of uranium particles in the atmosphere will depend on the particle size 
distribution and density. Dry deposition and precipitation remove uranium particles from the air and deposit them on the ground or in water. Smaller or 
lighter particles will travel farther from their origin before being deposited than larger or denser particles. Once deposited on the land, the particles may be 
resuspended. 

Groundwater / Surface Water / Sediment 

The transport of uranium in surface water and groundwater are affected by adsorption and desorption of uranium on aquatic sedimcnis. In most waters, 
sediments act as a sink for uranium and the uranium concentrations in sediments and suspended solids are several orders of magnitude higher than in 
surrounding water (Brunskill and Wilkinson 1987; Swanson 1985). Uranium is a REDOX sensitive element that can exist in the 111, IV, V, and VI oxidation 

U isotopes are persistent in the environment 
due to their long radioactive half-lives: 
uranium-234: 244,000 years, uranium-235: 
704 million years, and uranium-238: 4.5 
billion years. 

hydroxides (this percentage is essentially the same as 
that found worldwide) (K-H 2002a). 

Nearly all the plutonium radioactivity in R E T S  soils 
is confined to the top 20 centimeters (about 90 
percent in the top 12 centimeters) and has been stable 
in that configuration with no significant movement 
below this depth for about 30 years (K-H 20024. 

The solubility of plutonium solids under the oxidizing 
environmental conditions most common at RFETS is 
very low, around lo-'' moledliter. Although reducing 
conditions are likely to exist in the treatment ponds 
and in landfill locations, there is evidence that 
reducing conditions do not increase plutonium 
mobility at RFETS (K-H 20024. 

A result of the observations above is that subsurface 
mobility of plutonium is expected to be very low. Its 
transport mechanism is by water or wind erosion and 
sediment transport (K-H 2002a). 

Surface water data demonstrate sedimentation is 
effective for removing plutonium from the water 
column in the RFETS ponds (K-H 20024. 

The removal of buildings and pavement (along with 
the establishment of vegetation) will decreased runoff 
volumes and peak discharge rates. This in turn will 
reduce soil erosion, with its associated plutonium- 
239/240 transport and impact on surface water and 
sediment. 
Natural uranium is ubiquitous in the Front Range of 
Colorado and complicates studies of uranium 
contamination at RFETS. High uranium granites 
occur throughout the Front Range and uranium ore 
(utilized by the Schwartzwalder mine near Ralston 
Reservoir) is located in the headwaters of Ralston 
Creek within 10 miles of RFETS. 

At RFETS, uranium has been extensively studied in 
the AME. Isotopic abundances (by weight) in 
uranium used at R E T S  differ significantly from 
natural values (DOE 1997) and this may be useful in 
determining the fraction of uranium in on-site 
groundwater and surface water that represents RFETS 
contamination (anthropogenic). Some of the uranium 
used at RFETS for manufacture of nuclear weapons 
components was enriched in uranium-234 and 
uranium-235 and some was depleted in uranium-234 
and uranium-235 (K-H 20044. Using appropriate 
analytical techniques, the isotopic signatures of 
anthropogenic uranium can be distinguished from 
natural uranium in water samples. The results of 
these analyses are provided in Attachment 4, and 
indicate the following: (1) less than 1 percent 
enriched uranium has been measured in water at 
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Table 7.2 
AOIs - Contaminant Behavior and Persistence in the Environment 

0 

Gross Alpha 

(Radionuclides) 

Gross Beta 

(Radionuclides) 

cis- 1,2-Dichloroethene 

states under laboratory conditions. However, in  groundwater and surface water, only the U(1V) and U(V1) valence states are important. UNI) aqueous 
species predominate in oxic and moderately oxidizing groundwater, and in the pH r k g e  6 to 9 the  major species are predicted to be U02(C03):- ; 
U02(C03)3”, UO2CO:, (U02)2C03(OH),-, and U02(OH),0 (EPA 1999). The uncomplexed uranyl cation ( U O T )  is unimportant at pH >5.5. Uranyl 
phosphate complexes can be important if the water contains sufficient orthophosphate (i.e., total P 0 4 C 0 3  N.1)  (Langmuir 1978; EPA 1999). U(N) aqueous 
species at pH >3 are mainly hydrolysis species like U(OH)3’ and U(0H): (EPA 1999). U ( N )  complexes with anions like sulfate, phosphate, chloride, and 
fluoride are not significant at normal groundwater pHs. Groundwater chemistry in terms of REDOX environment, pH, availability of ligands, and ionic 
strength will control the distribution of aqueous uranium species and the overall proportion in U(V1) versus U(1V) oxidation states. Numerous uranium- 
bearing minerals have been identified. Important U(V1) minerals in an oxidizing environment are associated with vanadium, or orthophosphate, or with silica 
(DeVoto 1978). U ( N )  minerals form in a reducing environment. U(1V) minerals tend to be very insoluble, and may control dissolved uranium at very low 
concentrations in reducing groundwater. The concentration of uranium in contaminated groundwater, not associated with uranium ore deposits, may not be 
solubility limited. If it is solubility limited, the identity of the controlling solid phase is probably unknown at most contamination sites. uranium &s are pH 
dependent and for many different sorbents they appear to have a sorption maximum in the pH 6 to 7 range. For a given sorbent, uranium becomes more 
mobile in increasingly alkaline waters above pH 7.5, and more mobile in increasingly acidic waters below pH 5.5. Assuming a groundwater of pH 7, the log 
& data appear to span about 4 log units corresponding to uranium &s of approximately 100 m U g  to 1 million mUg. At pH 8 the data span about 5 log 
units, or a & range of 1 to 100,000 mUg.  These large ranges suggest that site-specific uranium sorption data are necessary to predict the transport of uranium 
at a site such as RFETS. 

Surface Water 

Gross alpha measurements are used to indicate the presence of specific radionuclides. 

Surface Water 

Gross beta measurements are used to indicate the presence of specific radionuclides. 

Groundwater / Surface Water , 

Chlorinated Aliphatic Hydrocarbons (CAHs) are a group of VOCs in which chlorine atoms have replaced one or more hydrogen atoms in an alkane or alkene 
hydrocarbon compound. The alkenes are distinguished by a carbon-to-carbon double bond. Because functional groups are not free to rotate about a double 
bond, “cis” and “trans” geometric isomers can be separately identified for some chlorinated alkenes, such as cis-l,2-dichloroethene. They are the anaerobic 
degradation products of trichloroethene (see Figure 7.23 for the full degradation chains). 

The relative mobility of certain CAHs in groundwater is estimated in Table 7-4 based on sorption and water solubility characteristics. cis-l,2-dichloroethene 
has a & value less than 1 mUg indicating very high mobility in groundwater. 

These & values also suggest that adsorption to soil, sediment, and suspended solids in water is not a significant fate process. Without significant adsorption 
to soil, cis-l,2,-dichloroethene can leach into groundwater where very slow biodegradation should occur (HSDB 1995). 

Volatilization occurs from surface water but is relatively unimportant for groundwater, except for very shallow groundwater, perhaps less than 1 meter below 
surface. The degree of volatilization of a chemical from water depends on its vapor pressure and its water solubility and is best quantified by the Henry’s Law 
constant (H) (Howard 1989). The larger the Henry’s Law constant, the greater the CAH concentration in air relative to its aqueous concentration. 

A very important fate process for most CAHs is that under anoxic conditions, they undergo biodegradation, liberating chloride ion and forming simpler 
organic compounds. Numerous investigations have shown that microorganisms indigenous to groundwater environments can degrade a variety of manmade 
organic chemicals (EPA 1998a). This biologically mediated degradation is termed biodegradation and at many sites it is the most important process by which 
CAHs in the environment are destroyed (See Section 7.5.3.2 for additional information.) 
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NA - Dependent on specific radioisotope. 

NA - Dependent on specific radioisotope. 

Volatilization occurs rapidly from surface 
water, with an estimated half-life of 3 to 6 
hours based on a model river (Thomas . 
1982). Experimental data indicate that ’ 
anaerobic biodegradation in groundwater 
occurs with a half-life of about 13 to 48 
weeks (Barrio-Lage et al. 1986) 

RFETS; (2) anthrowgenic uranium fmainly depleted 
U) is detected in &o&dwater from the SEP, Ryan’s 
Pit, the Original Landfill, T-1, East Trenches, and the 
Mound areas; and (3) surface water shows a mixture 
of depleted and natural U, though it is greatly 
dominated by natural uranium (see Section 7.5.3.1 in 
main text and Attachment 4 for more details). 

Table TA-3-4 from the Actinide Migration Evaluation 
Pathway Analysis Report Technical Appendix (K-H 
20024 includes reported values for uranium empirical 
&s specific to RFETS. The values range from 
essentially 30 to 170 mUg. These values are 
certainly within the range of &s reported for uranium 
worldwide. 

At RFETS, A01 isotopes that decay primarily by 
alpha particle emissions include plutonium-239, 
plutonium-240, americium-241, uranium-234, 
uranium-235, and uranium-238. See entries for these 
specific isotopes. 

Many isotopes detected at RFETS are beta emitters, 
including potassium-40, Cs- 137, and strontium-90. 
None of these are AOIs. 

‘ 

Ratios of the cis- and trans-stereoisomers of 1,2- 
dichloroethene have been used in the published 
literature as a qualitative indicator of biodegradation. 
Commercial solvents are a mixture of cis- and trans- 
1.2dichloroethene. In contrast, biological processes 
(biodegradation) produce mainly cis-1,2- 
dichloroethene (EPA 1998a). The cidtrans ratio is 
typically greater than 25 to I in groundwater where 
biodegradation is actively occurring. The cidtrans 
ratio was computed for each well and sampling event 
at RFETS with detectable isomer concentrations. 
Although some wells have low ratios, most wells had 
high ratios between 26 and 684, suggesting that CAH 
biodegradation is occumng in those areas (K-H 
2004c). 

Estimates of the biodegradation half-life of cis-1,2- 
dichloroethene in RFETS groundwater fall in a wide 
range, from approximately 10 years, using the 
Buschek and Alcantar 1-dimensional estimation 
method (K-H 200412) (considered to be at low end of 
the range for half-life estimates). Based on data and 
modeling at RFETS, it is likely that inferred VOC 
sources and associated downgradient groundwater 
concentrations will persist for decades to hundreds of 
years, if not longer, even with source removal 
(considered to be the upper range for half-life 
estimates) (see Attachment 1 for details). ’ 



Table 7.2 
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1,2-Dichloroethane 
I, I -Dichloroethene 
Chloromethane 
Vinyl chloride 

(clustered because of like 
properties) 

Groundwater 

CAHs are a group of VOCs in which chlorine atoms have replaced one or more hydrogen atoms in an alkane or alkene hydrocarbon compound. The alkenes 
are distinguished by a carbon-to-carbon double bond, while the alkanes contain only single bonds. 1,2-Dichloroethane is the daughter product of I ,  1.2-TCA. 
1, I-Dichloroethene is the degradation product of I , I ,  I-TCA or tetrachloroethene. Chloromethane is due to the degradation of methylene chloride. Vinyl 
chloride is the daughter product of tetrachloroethene -+ trichloroethene +cis and trans-1,2-dischlorethene and 1,I-dichloroethene -+ vinyl chloride, 1.2- 
dichloroethane or 1.1-dichloroethane. The reader is referred to Figure 7.23 for descriptions of the full degradation chains. 

Both I,]-dichloroethene and vinyl chloride have & values indicating high to very high mobility in groundwater. 1,2-Dichloroethane will also migrate 
relatively freely within groundwater (EPA 1982b). None of the compounds listed here is expected to adsorb to suspended solids or sediments (ATSDR 1994; 
1998; 2001a; 2004a). Volatilization is relatively unimportant from groundwater, except for very shallow groundwater, perhaps less than one meter below 
surface. The degree of volatilization of a chemical from water depends on its vapor pressure and its water solubility and is best quantified by the Henry’s Law 
constant (H) (Howard 1989). The larger the Henry’s Law constant, the greater the CAH concentration in air relative to its aqueous concentration. A very 
important fate process for certain CAHs is that under anoxic conditions, they undergo biodegradation, liberating chloride ion and forming simpler organic 
compounds. Numerous investigations have shown that microorganisms indigenous to groundwater environments can degrade a variety of manmade organic 
chemicals (EPA 1998a). This biologically mediated degradation is termed biodegradation and at many sites it is the most important process by which CAHs 
in the environment are destroyed. In groundwater, hydrolysis may be the only removal mechanism available to chloromethane; data regarding biodegradation 
of this compound are equivocal and biodegradation rates are thought to be highly variable (ATSDR 1998). 

Degradation of vinyl chloride occurs slowly in anaerobic groundwater; however, under certain reducing conditions, anaerobic degradation occurs more rapidly 
(ATSDR 2004a). 

Surface Water 

The primary transport process for vinyl chloride from natural water systems is volatilization into the atmosphere. The Henry’s law constant of vinyl chloride 
has been measured as 0.0278 atm-m3/mol at 24.8 “C (Gossett 1987). which suggests that vinyl chloride should partition rapidly to the atmosphere. The half- 
life for vinyl chloride volatilization from a typical pond, river, and lake has been estimated to be 43.3, 8.7, and 34.7 hours, respectively. These values are 
based on an experimentally determined reaeration rate ratio of approximately 2 and assumed oxygen reaeration rates of 0.008,0.04, and 0.01 per hour for a 
typical pond, river, and lake, respectively (EPA 1982b). Predicted half-lives should be considered rough estimates since the presence of various salts in 
natural water systems may affect the volatility of vinyl chloride significantly @PA 1979). Many salts have the ability to form complexes with vinyl chloride 
and can increase its water solubility; therefore, the presence of salts in natural waters may significantly influence the amount of vinyl chloride remaining in the 
water (EPA 1979d). The half-life of vinyl chloride in bodies of water is also affected by depth and turbidity. The half-life of 1.2-dichloroethene is 3 to 6 hours 
in a model river. 

Groundwater 
Benzene has a K, value of 60-83 (Karickhoff 1981; Kenaga 1980) and is considered highly mobile in groundwater. Benzene shows a tendency to adsorb to 
aquifer solids. Greater absorption was observed with increasing organic matter (Uchrin and Mangels 1987). Volatilization and leaching would be the 
principal factors in determining the persistence of benzene in sandy soils. Aerobic biodegradation is expected to be the primary mechanism for degradation of 
benzene in groundwater, with volatilization accounting for 5-10 percent of natural attenuation at most sites (McAllister and Chiang 1994). Within 1 to 1.5 
years, biotransformation will remove 80-100 percent of benzene in groundwater plumes. 

McCarty et al. (1986) found that 1.1- 
dichloroethene was reduced to vinyl 
chloride under anaerobic conditions after 
108 days. In another study, reductive 
dechlorination of 1,1 dchloroethene by 
microorganisms in anoxic microcosms 
occurred after 1-2 weeks incubation 
(Barrio-Lage et al. 1996). In the field, the 
biodegradation half-life of 1,2- 
dichloroethane in groundwater can range , 
from less than a year to 30 years depending 
on the conditions (Bosma et al. 1998). 
Chloromethane in groundwater has an 
estimated half-life of approximately 4 
years, based on data concerning hydrolysis 
rates Elliott and Rowland 1995; Mabey and 
Mill 1978). Experimental data regarding 
biodegradation of vinyl chloride are 
variable. In anaerobic aquifer microcosms 
supplemented with Fe(Il1) and held under 
Fe(II1) reducing conditions, approximately 
34 percent of vinyl chloride was 
mineralized in 84 hours; mineralization is 
expected to occur more slowly under other 
conditions (Bradley and Chapelle 1996). 

All of the these compounds degrade to 
other CAHs as shown in Figure 7.23. 

The primary removal process for vinyl 
chloride from surface waters is 
volatilization into the atmosphere. Vinyl 
chloride in water does not absorb ultraviolet 
radiation above 21 8 nm; therefore, direct 
photolysis in the aquatic environment is 
expected to occur very slowly, if at all 
(EPA 1976). In sunlit surface waters 
containing photosensitizers, such as humic 
materials, photodegradation may be more 
rapid. If so, in some waters, sensitized 
photodegradation may be an important 
removal mechanism (EPA 1976). 
One study reported half-lives for benzene in 
groundwater of 28 days, respectively 
(ATSDR 1997a). 

A range of sorption (Kd) values has been calculated 
based on published (EGBiG 1995) ranges of RFETS- 
specific soil parameters (organic matter content [f,] 
and clay content) and VOC partitioning constants. A 
linear sorption isotherm was assumed. For cis-1,2- 
dichloroethene, the I<d values at RFETS are calculated 
to range from 2.6 x lO-*’to 2.3 x 
2004b). 
The mean biodegradation half-life in groundwater at 
R E T S  calculated using the Buscheck and Alcantar 
I-dimensional method for chloromethane was 8.1 
years and for 1,1 -dichloroethene was 3.0 years 
(considered the low end of the range for half-life 
estimates). I ,2-Dichloroethane was never used at 
RFETS, but it is assumed to biodegrade at 
approximately the same rate as 1,l -dichloroethane, 
which for RFETS was calculated to be 30.3 years 
areas (K-H, 2004c) (considered to be at low end of 
the range for half-life estimates). 1 ,I-Dichloroethane 
was also never used the RFETS, but it is the 
degradation product of I,] ,  1 -trichloroethane (which 
was used at the site). 

Based on data and modeling at RFETS, it is likely 
that inferred VOC sources and associated 
downgradient groundwater concentrations will persist 
for decades to hundreds of years, if not longer, even 
with source removal (considered to be the upper range 
for half-life estimates) (see Attachment 1 for details). 

A range of sorption (K,,) values has been calculated 
based on published (EGBtG 1995) ranges of RFETS- 
specific soil parameters (organic matter content [f,] 
and clay content) and VOC partitioning constants. A 
linear sorption isotherm was assumed. For vinyl 
chloride, the maximum K,, values at RFETS was 
calculated to be 1.7 x IOd Vmg. For chloromethane, 
the K,, values at RFETS were calculated to range from 
I .6 x to 1 .O x Vmg (K-H 2004b). 

Vmg (K-H 

Benzene occurrences are mainly associated with the 
Present Landfill. 
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Carbon tetrachloride 

(VOC) 

Table 7.2 
AOIs - Contaminant Behavior and Persistence in the Environment 

Subsurface Soil 

CAHs are a group of VOCs in which chlorine atoms have replaced one or more hydrogen atoms in an alkane or alkene hydrocarbon compound. Carbon 
tetrachloride is a stable chemical that is degraded very slowly in the environment. It degrades under anaerobic conditions to its daughter product, chloroform 
(see Figure 7.23 for full carbon tetrachloride degradation chain). 

Groundwater 

Carbon tetrachloride exhibits moderate mobility in soil and groundwater. Chloroform and methylene chloride, both degradation products of carbon 
tetrachloride, are considerably more mobile than the parent solvent compound. The carbon atom in carbon tetrachloride is in its most oxidized state and is 
therefore much more likely to undergo reductive degradation than oxidative degradation. Carbon tetrachloride may undergo reductive dechlorination in 
aquatic systems in the presence of free sulfide and ferrous ions, or naturally occumng minerals providing those ions (Kreigman-King and Reinhard 1991). A 
very important fate process for certain CAHs is that under anoxic conditions, they undergo biodegradation, liberating chloride ion and forming simpler organic 
compounds. Numerous investigations have shown that microorganisms indigenous to groundwater environments can degrade a variety of manmade organic 
chemicals (EPA 1998a). This biologically mediated degradation is termed biodegradation and at many sites it is the most important process by which CAHs 
in the environment are destroyed. 

Surface Water 

Carbon tetrachloride dissolved in water does not photodegrade or oxidize in any measurable amounts (Howard et al. 1991). The rate of hydrolysis is 
extremely slow; 1-2 orders of magnitude less than for other chlorinated alkanes (Haag and Yao 1992). Biodegradation occurs much more rapidly than 
hydrolysis, particularly under anaerobic conditions (Tabak et al. 1981). Volatilization occurs from surface water but is relatively unimportant from 
groundwater, except for very shallow groundwater, perhaps less than I meter below surface. The degree of volatilization of a chemical from water depends on 
its vapor pressure and its water solubility and is best quantified by the Henry’s Law constant (H) (Howard 1989). The larger the Henry’s Law constant, the 
greater the CAH concentration in air relative to its aqueous concentration. 

. 

Subsurface Soil 

Because of its low soil adsorption and slight, but significant, water solubility, chloroform will readily leach from soil to groundwater. Based on data for 
degradation in water, chemical degradation in soil is not expected to be significant. The available data suggest that chloroform biodegradation rates in soil 
may vary, depending on conditions. Concentrations of chloroform above certain threshold levels may inhibit many bacteria (ATSDR 1997). 

Groundwater 

Chloroform exhibits very high mobility. Volatilization is relatively unimportant from groundwater, except for very shallow groundwater, perhaps less than 1 
meter below surface. The degree of volatilization of a chemical from water depends on its vapor pressure and its water solubility and is best quantified by the 
Henry’s Law constant (H) (Howard 1989). The larger the Henry’s Law constant, the greater the CAH concentration in air relative to its aqueous 
concentration. 

Chemical hydrolysis is not a significant removal process. While microbial biodegradation can take place, such reactions are generally possible only at fairly 
low concentration levels because of chloroform’s toxicity. Studies of natural waters and wastewaters yield a wide variety of results on the efficiencies of 
:hloroform biodegradation. Under proper conditions, chloroform appears to be much more susceptible to anaerobic biodegradation, where it degrades to 
methylene chloride. These biodegradation reactions generally lead to mineralization of the chloroforp to chlorides and carbon dioxide (Bouwer and McCarty 
1983; Rhee and Speece 1992). Degradation under anaerobic conditions occurs faster at lower concentrations than at higher concentrations. 

Most of the carbon tetrachloride released to 
soil evaporates within a few days (EPA 
1991). 

The transformation rate of carbon 
tetrachloride to chloroform in simulated 
groundwater showed half-lives of 380 days 
for carbon tetrachloride alone, 2.9-4.5 days 
with minerals and sulfide ion present, and 
0.44-0.85 days in the presence of natural 
iron sulfides (Kreigman-King and Reinhard 
1991). 

Figure 7.23 shows the degradation chain of 
carbon tetrachloride --+ chloroform + 
methylene chloride --+ chloromethane -+ 
methanolhnethane. 

The aqueous aerobic half-life carbon 
tetrachloride was estimated to be 6-12 
months (Howard et al. 1991). The aqueous 
anaerobic half-life was estimated to be 7-28 
days (Howard et al. 1991). 

. 

In the absence of toxicity from other 
solvents, chlorinated hydrocarbons, or 
heavy metals, and where chloroform 
concentrations can be held below 
approximately 100 ppb, both aerobic and 
anaerobic bacteria can biodegrade 
chloroform, with removal rates well over 80 
percent in a period of 10 days (Long et al. 
1993). It degrades to methylene chloride 
(see Figure 7.23). 

In surface water, chloroform will volatilize 
in a period of minutes to days (ATSDR 
1997b). 

A range of sorption (Kd) values has been calculated 
based on published (EGBrG 1995) ranges of R E T S -  
specific soil parameters (organic matter content [f,3 
and clay content) and VOC partitioning constants. A 
linear sorption isotherm was assumed. For carbon 
tetrachloride, K,, values at R E T S  were calculated to 
range from 1.8 x to 4.0 x I O 6  Jfmg (K-H 2004b). 

None of the RFETS carbon tetrachloride plumes were 
considered to be at steady-state. However, an 
approximate biodegradation rate can be estimated by 
averaging the rates for 10 non-steady-state carbon 
tetrachloride plumes. This estimated carbon 
tetrachloride biodegradation rate is 0.163 per year, 
which is 760 times slower than carbon tetrachloride 
biodegradation at non-RETS sites (K-H 2004c) 
(considered to be at low end of the range for half-life 
estimates). Based on data and modeling at RFETS, it 
is likely that inferred VOC sources and associated 
downgradient groundwater concentrations will persist 
for decades to hundreds of years, if not longer, even 
with source removal (considered to be the upper range 
for half-life estimates) (see Attachment 1 for details). 

Carbon tetrachloride occurrences in groundwater 
above standards (surface water, MCL, and 100 times 
the MCL) are primarily found south of former 
Building 77 1 (carbon tetrachloride Plume, IHSS 
1 18. I), in the East Trenches area, the 903 Pad and 
Ryan’s Pit area, and IHSS 119.1 (OUI). 

Carbon tetrachloride occurrences above the surface 
water standard are primarily found at the footing drain 
outfalls for former Buildings 771 and 774 and at 
SWO61 on South Walnut Creek. 

A range of sorption (&) values has been calculated 
for chloroform based on published (EGBcG 1995) 
ranges of RFETS-specific soil parameters (organic 
matter content [f,] and clay content) and VOC 
partitioning constants. A linear sorption isotherm was 
assumed. For chloroform, & values at RFETS were 
calculated to range from 1.9 x lo-* to 2.5 x Umg 
(K-H 2004b). 

Estimates of the biodegradation half-life of 
chloroform in R E T S  groundwater fall in a wide 
range, from approximately 0.8 years, using the 
Buschek and Alcantar 1-dimensional estimation 
method (K-H 2004c) (considered to be at low end of 
the range for half-life estimates). Based on data and 
modeling at RFETS, it is likely that inferred VOC 
sources and associated downgradient groundwater 
concentrations will persist for decades to hundreds of 
years, if not longer, even with source removal 
(considered to be the upper range for half-life 
estimates) (see Attachment 1 for details). 
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Methylene chloride 

(VOC) 

Tetrachloroethene 
Trichloroe thene 

(VOCS) 
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Table 7.2 
AOIs - Contaminant Behavior and Persistence in the Environment 

Surface Water 

The dominant fate process for chloroform in surface water is volatilization. Chloroform is not expected to adsorb significantly to sediment or suspended 
organic matter in surface water (Sabljic 1984). Direct photolysis of chloroform will not be a significant degradation process because the compound does not 
absorb light at the necessary wavelengths (Hubrich and Stuhl 1980). Biodegradation in aerobic surface water is expected to be less than that under anaerobic 
conditions. 
Subsurface Soil 

Methylene chloride is not strongly sorbed to soils or sediments (Dilling et al. 1975; Dobbs et al. 1989). Methylene chloride is likely to be highly mobile in 
soils and may be expected to leach from soils to groundwater. The rate of biodegradation of methylene chloride in soils was found to be dependent on soil 
type, substrate concentration, and redox state of the soil. Methylene chloride biodegradation has been reported to occur under both aerobic and anaerobic 
conditions (Davis and Madsen 1991). The biodegradation of methylene chloride appears to be accelerated by the presence of elevated levels of organic carbon 
(Davis and Madsen 1991). It degrades to acetic acid or chloromethane. 

Groundwater and Surface Water 

Methylene chloride undergoes slow hydrolysis in water. Both aerobic and anaerobic biodegradation may be important fate processes for methylene chloride 
in water (Brunner et al. 1980; Davis et al. 1981; EPA 1985; Stover and Kincannon 1983; Tabak et al. 1981). Methylene chloride tends to volatilize to the 
atmosphere from water. The half-life under experimental conditions is 21 minutes, though in natural water is dependent on the rate of mixing, temperature 
and other factors. 

Subsurface Soil 

CAHs'are a group of VOCs in which chlorine atoms have replaced one or more hydrogen atoms in an alkane or alkene hydrocarbon compound. The alkenes 
are distingujshed by a carbon-to-carbon double bond, while the alkanes contain only single bonds. Trichloroethene is the daughter product of the anaerobic 
degradation of tetrachloroethene (see Figure 7.23 for the full degradation of these CAHs). 

Both tetrachloroethene and trichloroethene have only low to moderate solubility in water and moderate to high mobility in soil. Because they are denser than 
water, the amount that does not volatilize into the atmosphere may sink and be transported into groundwater. Both trichloroethene and tetrachloroethene on 
surface soil will readily volatilize into the atmosphere or leach into the subsurface, although volatilization is less rapid from soil than from water. Once in the 
soil, trichloroethene does not appear to undergo chemical transformation or covalent bonding with soil components. Sorption of trichloroethene to soil 
particles is dependent on soil moisture, since water molecules compete with trichloroethene for sorption sites (Petersen et al. 1994). Volatilization and 
movement in the gas phase accounts for a large portion of bjchloroethene movement in soils (Gimmi et al. 1993). For tetrachloroethene, studies found a direct 
relationship between the concentration of the chemical in soil and rate of volatilization, which contrasts with results seen in water (Zytner et al. 1989b). In 
soil, biodegradation of both trichloroethene and tetrachloroethene are favored only under limited conditions. Biodegradation of trichloroethene increases with 
the organic content of the soil (Barrio-Lage et al. 1987). Degradation occurs faster in vegetated than in nonvegetated soils. Trichloroethene may inhibit total 
soil biomass and fungi, thus slowing biodegradation processes (Kanazawa and Filip 1986). Aerobic biodegradation of trichloroethene occurs by cometabolism 
with aromatic compounds, such as phenol or toluene. Trichloroethene may also be broken down by methanotrophs. A possible reason for the persistence of 
trichloroethene in the environment lies in the sensitive balance that must be maintained between enough cosubstrate to induce degrading enzymes and too 
much cosubstrate, which may inhibit decomposition. Such balance may rarely be achieved in nature (Ensley 1991). Tetrachloroethene is probably degraded to 
some extent in aerobic soil environments (Freedman and Gossett 1989; Milde et al. 1988; Parsons et al. 1985; Wakeham et al. 1983) but only to a limited 
degree. Degradation rates appear to vary with soil type, temperature, and initial concentration of the chemical (Yagi et al. 1992). 

Groundwater I Surface Water 

Neither oxidation nor hydrolysis of trichloroethene in aquatic environments appear to be significant fate processes. Chemical hydrolysis only occurs at 
elevated temperatures in a high pH environment and, even then, at a very slow rate. Biotransformation is strongly indicated as a factor in the degradation of 
trichloroethene in groundwater. Reductive dehalogenation is the primary reaction (Parsons et al. 1985; Wilson et al. 1986). Tetrachloroethene does not 
readily transform in water. Photolysis does not contribute substantially to the transformation of tetrachloroethene and chemical hydrolysis occurs only slowly 
at elevated temperatures in high pH environments, much like trichloroethene (Chodola et al. 1989). In natural waters, biodegradation may be the most 
important transformation process for tetrachloroethene; however, this occurs only slowly (Bouwer and McCarty 1982; Bouwer et al. 1981; Wakeham et al. 
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Methylene chloride has been observed to 
undergo degradation at a rapid rate under 
aerobic conditions. Reported total 
methylene chloride loss was 100 percent 
after 7 days in a static culture flask 
biodegradability screening test (Tabak et al. 
198 1) and 92 percent after 6 hours in a 
mixed microbial system (Davis et al. 1981). 
Volatilization loss was not more than 25 
percent (Tabak et al. 1981). It degrades to 
acetic acid or chloromethane. 

In soil, measured biodegradation rates have 
been variable-under methanogenic 
conditions, 100% transformation occurred 
after 10 days (Vogel and McCarty 1985). 

Measured and estimated volatilization half- 
lives of trichloroethene in water range from 
minutes to days. Volatilization from soil is 
somewhat slower, with experimental results 
showing 37-45% volatilization from soils 
after 7 days (Park et al. 1988). 

Tetrachloroethene also volatilizes rapidly. 
Volatilization half-lives from water ranged 
from 4.2 hours to 25 days in various studies 
(Dilling et al. 1975; Thomas 1982; 
Wakeham et al. 1983). Like trichloroethene, 
volatilization from soil is slower, with 
losses from soil between 10- and 100-fold 
slower than from water (Park et al. 1988; ' 
Zytner et al. 1989). It degrades to 
trichloroethene. 

Biodegradation of trichloroethene in water 
was measured at 80-90% after 1 to 4 weeks 
in various studies (Jensen and Rosenberg 
1975; Tabak et al. 1981). Biodegradation 
in soils was highly variable and ranged ' 

from no degradation after 16 weeks 

A range of sorption (&) values has been calculated 
based on published (EG&G 1995) ranges of RFETS- 
specific soil parameters (organic matter content [f,] 
and clay content) and VOC partitioning constants. A 
linear sorption isotherm was assumed. For methylene 
chloride, & values at R E T S  were calculated to 
range from 2.8 x to 1.7 x Umg (K-H 2004b). 

Estimates of the biodegradation half-life of methylene 
chloride in RFETS groundwater fall in a wide range, 
from approximately 0.8 years, using the Buschek and 
Alcantar I-dimensional estimation method (K-H 
2004~) (considered to be at low end of the range for 
half-life estimates). Based on data and modeling at 
R E T S ,  it is likely that inferred VOC sources and 
associated downgradient groundwater concentrations 
will persist for decades to hundreds of years, if not 
longer, even with source removal (considered to be 
the upper range for half-life estimates) (see 
Attachment 1 for details). 

A range of sorption (&) values for tetrachloroethene 
has been calculated based on published (EG&G 1995) 
ranges of RFETS-specific soil parameters (organic 
matter content [f,] and clay content) and VOC 
partitioning constants. A linear sorption isotherm was 
assumed. For tetrachloroethene, & values at RFETS 
were calculated to range from 1.5 x lo' to 1.7 x 
Umg, and for trichloroethene, were calculated to 
range from 5.0 x lo-* to 3.0 x (K-H 2004b). 

Estimates of the biodegradation half-life of 
tetrachloroethene in R E T S  groundwater fall in a 
wide range, from approximately 1 1 years, using the 
Buschek and Alcantar 1-dimensional estimation 
method (K-H 2004~)  (considered to be at low end of 
the range for half-life estimates). Based on data and 
modeling at RFETS, it is likely that inferred'VOC 
sources and associated downgradient groundwater 
concentrations will persist for decades to hundreds of 
years, if not longer, even with source removal 
(considered to be the upper range for half-life 
estimates) (see Attachment 1 for details). 

Estimates of the biodegradation half-life of 
trichloroethene in RFETS groundwater fall in a wide 
range, from approximately 22 years, using the 
Buschek and Alcantar 1-dimensional estimation 
method (K-H 2004~)  (considered to be at low end of 
the range for half-life estimates). Based on data and 
modeling at RFETS, it  is likely that inferred VOC 
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1983). Degradation occurs largely due to reductive dehalogenation by microorganisms. Since neither biodegradation nor hydrolysis occurs at a rapid rate, 
most trichloroethene and tetrachloroethene in surface waters can be expected to volatilize into the atmosphere. 

Subsurface Soil 

CAHs are a group of VOCs in which chlorine atoms have replaced one or more hydrogen atoms in an alkane or alkene hydrocarbon compound. The alkanes 
contain only single bonds. 

If released to soil, some of the 1,1,2,2-tetrachloroethane would be expected to volatilize, with the remainder leaching into the subsurface soil and possibly 
groundwater. 1.1,2,2-Tetrachloroethane will not adsorb appreciably to soil. 

Both hydrolysis and anaerobic biodegradation appear to be significant transformation processes in soil and sediments. Hydrolysis is sensitive to pH and 
occurs faster under neutral or basic conditions. 

1,1,2,2-Tetrachloroethane slowly degrades by losing chlorine atoms. The resulting chemicals, which include 1 , I  ,2-TCA, 1.2-dichloroethane, and 
chloroethanol (K-H 2004~).  

Surface Soil 

The aluminum content of soils is strongly correlated with its clay content (Ma et al. 1997). Aluminum is present in many primary minerals. The weathering 
of these primary minerals over time results in the deposition of sedimentary clay minerals, such as the aluminosilicates kaolin and montmorillonite (ATSDR 
1999). The adsorption of aluminum onto clay surfaces can be a significant factor in controlling aluminum mobility in the environment, and these adsorption 
reactions, measured in one study at pH 3.0-4.1, have been observed to be very rapid (Walker et al. 1988). However, clays may act either as a sink or a source 
for soluble aluminum depending on the degree of aluminum saturation on the clay surface (Walker et al. 1988). 

Surface Water 

Aluminum partitions between solid and liquid phases by reacting and complexing with water molecules and anions such as chloride, fluoride, sulfate, nitrate, 
phosphate, and negatively charged functional groups on humic materials and clay. In groundwater or surface water systems, an equilibrium with a solid phase 
or form is established that largely controls the extent of aluminum dissolution which can occur. 

Bioconcentration of aluminum has also been reported for several aquatic invertebrate species as well as for aquatic insects. Accumulation of aluminum in 
mayfly nymphs has been reported at low pH (4.5) (Frick and Hemnann 1990). Within the pH range of 5-6, aluminum complexes with phosphate and is 
removed from solution. Because phosphate is a necessary nutrient in ecological systems, this immobilization of both aluminum and phosphate may result in 
depleted nutrient states in surface water (Brusewitz 1984). In general, decreasing pH (acidification) results in an increase in mobility for monomeric forms of 
aluminum (Goenaga and Williams 1988). 

Sediment 

Little is known of the adsorptive behavior of antimony, its compounds, and ions. Since antimony has an anionic character (e&, Sb(OH)i), it is expected to 
have little affinity for organic carbon. No information could be found about antimony's adsorption to clay minerals. It is not expected that cation exchange, 
which generally dominates adsorption to clay, would be import@ for anionic antimony (ATSDR 1992). The capacity of  soil to adsorb antimony and the 
nature of the bound antimony were evaluated (King 1988). Despite experimental difficulties, the results demonstrated that there is no general mobility of 
antimony in any soil. Since antimony has an anionic character, i t  is expected to have little affinity for organic carbon. It is not expected that cation exchange, 
which generally dominates adsorption to clay, would be important for anionic antimony. The chemical and biochemical transformations of antimony in 
natural waters are not well understood. Antimony released into water is generally associated with particulate matter; it is transported to and settles out in areas 
of active sedimentation (Beijer and Jernelov 1986). While industrial inputs will commonly contain antimony in the trivalent (111) oxidation state ( e g ,  
antimony trioxide), it  is not known how fast antimonite would oxidize to antimonate under natural conditions. Under reducing conditions, trivalent species 
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(Wilson et al. 1983) to 100 percent 
transformation after 10 days (Vogel and 
McCarty 1985). 

Biodegradation of tetrachloroethene is 
described as "slow" in the literature and, at 
least for one aquifer in England, it has been 
estimated that tetrachloroethene will likely 
persist for decades (Lawrence et al. 1990). 
The RFETS estimate is that the VOCs 
could persist for decades to hundreds of 
years (see Section 7 Attachment 1 for more 
details). 

Limited information is available on the 
half-life of 1,1,2,2-tetracNoroethane in soil. 
One study showed between 34 percent and 
74 percent transformation in a 6-day period, 
with the results varying with pH. In 
groundwater, the half-life is estimated at 13 
weeks. (ATSDR 1996.) 

1,1,2,2-tetrachloroethane degrades to 1,1,2- 
TCA (see Figure 7.23 for the full 
degradation chain). 

. 

Aluminum is a stable metal; it does not 
degrade in the environment. Thus it will 
persist indefinitely. 

In addition, aluminum compounds occui in 
only one oxidation state, A1(+3). 
Aluminum can complex with electron-rich 
species that occur in the environment 
(ATSDR 1999). 

Antimony is a stable metal; it does not 
degrade in the environment. Thus it  will 
persist indefinitely. 

sources and associated downgradient groundwater 
concentrations will persist for decades to hundreds of 
years, if not longer, even with source removal 
(considered to be the upper range for half-life 
estimates) (see Attachment 1 for details). 

No RETS-specific information regarding 1,1,2,2- 
tetrachloroethane was identified, but it is not a 
degradation product. 

Dissolved aluminum occurrences above the surface 
water standard are primarily found at the footing drain 
outfall (SW085) of former Building 779 and SW061 
along South Walnut Creek below the former SEP 
pond 207-C. 

4ntimony has been associated with Building 559 and 
he East Firing Range (K-H 2005e). 
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such as Sb(OH)30, Sb(OH)4- , and Sb2S44- may be significant (Andreae and Froelich 1984; Ra i  et al. 1984). Antimony can be reduced and methylated by 
microorganisms in the aquatic environment, &lar to arsenic, and become mobilized (Andreae et al. 1983; Austin and Millward 1988). This reaction is most 
likely to occur in reducing environments, such as in bed sediment. In the case of arsenic, this reaction may be mediated by fungi and bacteria (Beijer and 
Jernelov 1986), but it is not known whether this is the case with antimony. 

Surface Soil 

Arsenic in soil may be transported by wind or in runoff or may leach into the subsurface soil. However, because many arsenic compounds tend to partition to 
soil or sediment under oxidizing conditions, leaching usually does not transport arsenic to any great depth (EPA 1982a; Moore et al. 1988; Pantsar-Kallio and 
Manninen 1997; Welch et al. 1988). Arsenic is largely immobile in agricultural soils; therefore, it tends to concentrate and remain in upper soil layers 
indefinitely. Downward migration has been shown to be greater in a sandy soil than in a clay loam (Sanok et al. 1995). Terrestrial plants may accumulate 
arsenic by root uptake from the soil or by absorption of airborne arsenic deposited on the leaves, and certain species may accumulate substantial levels (EPA 
1982a). Yet even when grown on highly polluted soil or soil naturally high in arsenic, the arsenic level taken up by the plants is comparatively low (Gebel et 
al. 1998; Pitten et al. 1999). The arsenic cycle in soils is complex, with many biotic and abiotic processes controlling its overall fate and environmental 
impact. Arsenic in soil exists in various oxidation states and chemical species, depending upon soil pH and redox potential (ATSDR 2000a). 

Groundwater 

Elemental arsenic is the least soluble in water and the least toxic. Arsenic may also be removed from water by coprecipitation with iron oxides or by 
isomorphic substitution with phosphorus in minerals. Arsenic in water can undergo a complex series of transformations, including oxidation-reduction 
reactions, ligand exchange, precipitation, and biotransformation (EPA 1979, 1984a; Sanders et al: 1994; Welch et al. 1988). Rate constants for these various 
reactions are not readily available, but the factors most strongly influencing fate processes in water include Eh (the oxidation-reduction potential), pH, metal 
sulfide and sulfide ion concentrations, iron concentrations, temperature, salinity, and distribution and composition of the biota (EPA 1979; Wakao et al. 1988). 

Sediment 

Most arsenic compounds are strongly sorbed,by sediments and are relatively immobile. Adsorption on hydrous iron oxides (Pierce and Moore 1980). clays, 
aluminum hydroxides, manganese oxides, and organic materials or coprecipitation (EPA 1995). or combination with sulfide in reduced bottom sediments 
(Kobayashi and Lee 1978) appear to be the major inorganic factors that control arsenic concentrations under most environmental conditions. Because many 
arsenic compounds are strongly sorbed onto sediments, leaching by precipitation usually results in limited transport (EPA 1995). 

Surface Water 

Beryllium metal is used as a hardener in alloys. There is little information available on the environmental fate of beryllium and its compounds. Beryllium 
compounds of very low water solubility appear to predominate in soils. Leaching and transport through soils to ground water appears unlikely to be of 
concern. Erosion and bulk transport of soil may bring beryllium to surface waters, but most likely in particulate rather than dissolved form (EPA 2005). 

Beryllium exhibits only the +2 oxidation state in water. In the pH range of 6-8, typical of most waters, the speciation of beryllium is controlled by the 
formation solid beryllium hydroxide, Be(OH)*, which has a very low solubility (solubility product, K,=IO'''). 

Surface Soil / Subsurface Soil 

Chromium in soil is present mainly as insoluble oxide (EPA 1984a). and is not very mobile in soil. A leachability study was conducted to study the mobility 
of chromium in soil. Due to different pH values, a complicated adsorption process was observed and chromium moved only slightly in soil. Chromium has a 
low mobility for translocation from roots to aboveground parts of plants (Cary 1982). However, depending on the geographical areas where the plants are 
grown, the concentration of chromium in aerial parts of certain plants may differ by a factor of 2-3 (Cary 1982). Table 7-2 summarizes typical soil sorption 
data for Cr(V1) compiled by EPA (1999). EPA (1999) concluded that Cr(ll1) concentrations in soils are controlled by precipitation and dissolution (mineral 
solubility), and adsorption reactions are not significant in soil Cr(lI1) chemistry. This seems to be at odds with EPRl (1986), who believe that Cr(ll1) is sorbed 
by soils because several important Cr(ll1) species are cations. The strength of Cr(V1) sorption on soils seems to decrease (smaller Kds) with increasing pH 
(EPA, 1999). Manganese oxides in soil can oxidize Cr(ll1) to Cr(V1) yielding lower Kd values, while iron oxides can reduce Cr(V1) to Cr(ll1) causing 
precipitation and high Kds (EPA, 1999). The fate of chromium in soil is greatly dependent upon the speciation of chromium, which is a function of redox 
potential and the pH of the soil. In most soils, chromium will be present predominantly in the Cr(ll1) state. This form has very low solubility and low 
reactivity resulting in low mobility in the environment and low toxicity in living organisms (Barnhart 1997). 

Arsenic is a stable metal; it does not 
degrade in the environment. Thus it will ' 
persist indefinitely. 

Because beryllium is stable and does not 
degrade in the environment. 

Chromium is a stable metal; it does not 
degrade in the environment. Thus it will,, 
persist indefinitely. 

Since R E T S  groundwater is generally oxic (Le., well 
oxygenated), arsenate is likely the predominant 
dissolved arsenic species in site waters. However, 
under locally reducing conditions arsenite may 
dominate in groundwater contaminant plumes or 
surface water bottom sediments. Elemental arsenic 
and arsine are not expected in RFETS groundwater. 
If past arsenic releases occurred at RFETS, sorption 
or coprecipitation appears to be the predominant 
transport-control mechanism at RFETS since no 
discernable arsenic contaminant plumes are observed 
in groundwater. Arsenic associated with the PU&D 
Yard in groundwater and may have been liberated 
upon insertion of Hydrogen Release Compound at the 
PULD Yard. 

Arsenic occurrences in sediment above the PRG are 
primarily found along North and South Walnut 
Creeks, the SID, former 400 Area, Central Avenue 
Ditch, Pond C-2, No Name Gulch downstream of the 
Landfill Pond, Rock Creek, and at Ponds D-I and D- 
2. Single occurrences are found on Owl Branch, a 
tributary to Woman Creek south of Owl Branch, and 
the Antelope Creek headwaters. 

In former Building 447 materials handled included 
beryllium. Beryllium was a primary material used in 
pit construction in former Building 707. In former 
Building 444, beryllium was chemically milled. On 
November 25,2002, there was a spill of low-level 
mixed waste from the RCRA-regulated Tank T231A 
(located south of former Buildings 3711374) sludge 
removal operation. The spill did not contain any 
detectable levels of beryllium. However, original 
sampling data from the 23 I A tank indicated levels of 
0.2 to 0.3 micrograms per liter (ug/L) of beryllium 
( R E T S  2005e). 

For groundwater transport of Cr(V1) at RFETS, the 
l&s measured in the pH range 6.5 to 8.5 are most 
applicable. At these pHs, data indicate low &s near 
one, or in the single digits, implying that Cr(VI) 
should exhibit high to moderate mobility (Le., weak 
retardation). 

A chromic acid spill from the former Building 444 
basement was contained in the B-Ponds and pumped 
to Upper Church Ditch where i t  was bclow surface 
water standards. Chromium was identified in 
ChemRisk repons and was evaluated for potential off- 
site impacts; none were found (K-H 200%). 

8 of 12 



Table 7.2 
AOIs - Contaminant Behavior and Persistence in the Environment 

Lead 

(Metal) 

Nickel 

(Metal) 

DEN/E032005011 .DOC 

4 

Groundwater I Surface Water 1 Sediment 

Under oxidizing conditions Cr(V1) may remain dissolved as the chromate anion, and may be highly mobile in groundwater for long periods of time. A 
number of Cr(V1) solid phases have been detected at sites having extensive chromate contamination in groundwater, including, CaCrO4, PbCrO4 (crocoite), 
K2CrO4 (tarapacaite), and BaCr04 (Palmer and PUIS 1994). Cr(1II) “...is immobile under moderately alkaline to slightly acidic conditions” (EPA 1999, p. 
5.18). Cr(V1) is sorbed by iron oxides in acidic waters and acidic soils, but is very mobile in neutral and alkaline waters (EPRI 1986; EPA 1999). Cr(V1) is 
more mobile because its aqueous species are anions which are less strongly sorbed on common minerals. Chromium speciation in groundwater depends on 
the redox potential and pH conditions in the aquifer. Cr(V1) predominates under highly oxidizing conditions; whereas Cr(II1) predominates under reducing 
conditions. Oxidizing conditions are generally found in shallow aquifers, and reducing conditions generally exist in deeper groundwater. The reduction of 
Cr(V1) and the oxidation of Cr(ll1) in water has been investigated. The reduction of Cr(V1) by S-2 or Fe+2 ions under anaerobic conditions was fast, and the 
reduction half-life ranged from instantaneous to a few days. The reaction was generally faster under anaerobic than aerobic conditions. The reduction half- 
life of Cr(V1) in waterwith soil and sediment ranged from 4 to 140 days (Saleh et al. 1989). The fate of most chromium rivers and lakes is believed to be 
deposition in sediments through precipitation and sorption processes (ATSDR 2000b). 

Subsurface Soil 

Most lead is retained strongly in soil, and very little is transported into surface water or groundwater (EPA 1986). Plants and animals may bioconcentrate lead 
but biomagnification has not been detected. Although the bioavailability of lead in soil to plants is limited because of the strong absorption of lead to soil 
organic matter, the bioavailability increases as the pH and the organic matter content of the soil are reduced. Most lead is retained strongly in soil, and very 
little is transported into surface water or groundwater (EPA 1986 NSF 1977). Lead is strongly sorbed to organic matter in soil, and although not subject to 
leaching, it may enter surface waters as a result of erosion of lead-containing soil particulates. The fate of lead in soil is affected by the specific or exchange 
adsorption at mineral interfaces, the precipitation of sparingly soluble solid forms of the compound, and the formation of relatively stable organic-metal 
complexes or chelates with soil organic matter. These processes are dependent on such factors as soil pH, soil type, particle size, organic matter content of 
soil, the presence of inorganic colloids and iron oxides, cation exchange capacity (CEC), and the amount of lead in soil (NSF 1977; Reddy et al. 1995; Royer 
et al. 1992). 

Surface Water 

A significant fraction of lead carried by river water is expected to be in a solid form, which can consist of colloidal particles or larger particles of lead 
carbonate, lead oxide, lead hydroxide, or other lead compounds incorporated in other components of surface particulate matter from runoff. Lead may occur . 
either as sorbed ions or surface coatings on sediment mineral particles, or it may be carried as a part of suspended living or nonliving organic matter in water. 
In most surface water and groundwater, the concentration of dissolved lead is low because the lead will form compounds with anions in the water such as 
hydroxides, carbonates, sulfates, and phosphates that have low water solubilities and will precipitate out of the water column (Mundell et al. 1989). The 
chemistry of lead in aqueous solution is highly complex because this element can be found in multiple forms. Lead has a tendency to form compounds of low 
solubility with the major anions found in natural waters. The amount of lead in surface waters is dependent on the pH and the dissolved salt content of the 
water. In water, tetraalkyl lead compounds are subject to photolysis and volatilization with the more volatile compounds being lost by evaporation. 
Degradation proceeds from trialkyl lead to dialkyl lead to inorganic lead. Tetraethyl lead is susceptible to photolytic decomposition in water. Triethyl and 
trimethyl lead are more water-soluble and therefore more persistent in the aquatic environment than tetraethyl or tetramethyl lead. The degradation of trialkyl 
lead compounds yields small amounts of dialkyl lead compounds. 

Groundwater 

Nickel in most natural waters is predominantly divalent as the Ni2’ cation, although nickel forms aqueous complexes with hydroxide, sulfate, and bicarbonate 
(ATSDR 2003a). After Ni2’ the ion pair NiS02 is an important aqueous nickel species in sulfate-rich groundwater. Under aerobic conditions, solid nickel 
femte (NiFe20,), and under anaerobic conditions millerite (NiS), may limit the solubility of nickel to low concentrations (EPRI 1986). Nickel can also 
coprecipitate with manganese oxides and iron oxides. Nickel removed from solution by coprecipitation can be remobilized by microbial action (ATSDR 
2003a). Nickel is reportedly “strongly” sorbed by alkaline soils, and this sorption may be irreversible (EPRI 1986). Iron and manganese oxides (e.g., 
goethite) appear to be the most important adsorbents of nickel, followed by clay minerals (EPRI 1986). Competition for adsorption sites by cations (such as 
Ca2’ and Na’) has been shown to reduce nickel sorption by soils and clays (EPRI 1986). Table 7.3 shows that experimentally measured & values for sorption 
of nickel on various soil compositions are often very low, less than 1 mUg. However, higher &s have been measured for nickel sorption in a range of sandy 
sediments in the Danish Beder aquifer (Larsen and Postma 1997). Those workers found that nickel is more strongly sorbed on manganese oxides than on iron 
oxides in sediments, and measured &s of 68, 160, and 212 mUg at pH 6.75,7.27, and 7.44, respectively. The & range of 1 to 212 mVg is very wide in 
terms of mobility. 
Surface Water 

Nickel is a natural constituent of soil and is transported into streams and waterways in runoff either from natural weathering or from disturbed soil. Much of 
this nickel is associated with particulate matter. Gravitational settling governs the removal of large particles (>5 pm), whereas smaller particles are removed 
by other forms of dry and wet deposition (ATSDR 2003). The fate of heavy metals in aquatic systems depends on partitioning between soluble and particulate - 
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Lead is a stable metal; it does not degrade 
in the environment. Thus it will persist 
indefinitely. 

Nickel is a stable metal; i t  does not degrade 
in the environment. Thus it will persist 
indefinitely. 

Chromium occurrences were observed in surface 
water background (above surface water standards) at 
station GS06 (Owl Branch to Woman Creek) and at 
SW134 (pumped water from gravel mining operations 
that is discharged to Rock Creek). 

A portion of the chromium observed in groundwater 
may be attributable to stainless-steel well casings, 
pump parts, and well tubing stabilizers (Boylan 
2004% 2004b). 

Lead was used in plutonium operation buildings and 
at the firing ranges. It was evaluated in the ChemRisk 
reports for off-site impacts; none were reported. Lead 
was identified in soil above ALs near former Building 
441 and the firing ranges (K-H 2005e). 

Background lead above the surface water standard is 
primarily found at GS06 (Owl Branch to Woman 
Creek) and SW 134 (pumped water from gravel 
mining operations that is discharged to Rock Creek). 

Nickel plating was conducted in the 700 Area 
buildings. It was evaluated by ChemRisk reports. 
The results indicate limited use of nickel on site and 
he material forms are not expected to have off-site 
releases (K-H 2005e). 

Assuming that the low organic carbon contents of 
rable 7.3 soils are similar to the generally low carbon 
;oils at RFETS, nickel mobility is expected to be high 
.o very high in UHSU groundwater. 

4 portion of the nickel observed in groundwater may 
,e attributable to stainless-steel well casings, pump 
)arts, and well tubing stabilizers (Boylan 2004a. 
2004b). 
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solid phases. Adsorption, precipitation, coprecipitation, and complexation are processes that affect partitioning. These same processes, which are influenced 
by pH, redox potential, the ionic strength of the water, the concentration of complexing ions, and the metal concentration and type, affect the adsorption of 
heavy metals to soil (Richter and Theis 1980). Nickel is strongly adsorbed at mineral surfaces such as oxides and hydrous oxides of iron, manganese, and 
aluminum (Evans 1989; Rai and Zachara 1984). Such adsorption plays an important role in controlling the concentration of nickel in natural waters. 

General 

Silver is a rare element, which occurs naturally in its pure form as a white, ductile metal, and in ores. It has an average abundance of about 0.1 ppm in the 
earth's crust and about 0.3 ppm in soils. There are four oxidation states (0,1+, 2+, and 3+); the 0 and I +  forms are much more common than the 2+ and 3+ 
forms. Silver occurs primarily as sulfides, in association with iron (pyrite), lead (galena), and tellurides, and with gold. Silver is found in surface waters in 
various forms: (1 )  as the monovalent ion (e.g., sulphide, bicarbonate, or sulfate salts); (2) as part of more complex ions with chlorides and sulfates; and (3) 
adsorbed onto particulate matter (ATSDR 1990). 

Sediment 

The transport and partitioning of silver in surface waters and soils is influenced by the particular form of the compound. Lindsay and Sadiq (1979) stated that 
under oxidizing conditions the primary silver compounds would be bromides, chlorides, and iodides, while under reducing conditions the free metal and silver 
sulfide would predominate. In water, the major forms of silver are as the monovalent ion in the form of sulfate, bicarbonate, or sulfate salts; as part of more 
complex ions with chlorides and sulfates; and as an integral part of, or adsorbed onto, particulate matter (Boyle 1968).1 

General 

Thallium is a heavy metallic element that exists in the environment mainly combined with other elements (primarily oxygen, sulfur, and the halogens) in 
inorganic compounds. Thallium is quite stable in the environment, since it is neither transformed nor biodegraded. Compounds of thallium are generally 
soluble in water and the element is found primarily as the monovalent ion (TI'). Thallium tends to be sorbed to soils and sediments (Frantz and Carlson 1987; 
Mathis and Kevern 1975; Wallwork-Barber et al. 1985). 

Sediment 

Thallium may partition from water to soils and sediments. Mathis and Kevern (1975) presented indirect evidence that thallium was adsorbed by lake 
sediments. Furthermore, thallium may be adsorbed by micaceous clays in solution (Frantz and Carlson 1987). Partition coefficients such as adsorption 
constants describe the tendency of a chemical to partition to solid phases from water. Adsorption constants for inorganic ions such as TI+ cannot be predicted 
a priori, but must be measured for each adsorbent. Thallium adsorption data in Magorian et al. (1974) for a hectorite clay (a rare montmorillonite clay 
mineral) at pH 8.1 suggest that an adsorption constant for this specific system may be approximately 19 Ug. No other information on the adsorption of 
thallium by earth materials was located. 

Surface Soil 

Vanadium is a compound that occurs in nature as a white-to-gray metal, and is often found as crystals. Pure vanadium has no smell. It usually combines with 
other elements such as oxygen, sodium, sulfur, or chloride. Vanadium and vanadium compounds can be found in the earth's crust and in rocks, some iron 
ores, and crude petroleum deposits. Vanadium is mostly combined with other metals to make special alloys. Small amounts of vanadium are used in making 
rubber, plastics, ceramics, and other chemicals. 

Studies suggest that vanadium is fairly immobile in soil. A field study conducted over 30 months examined movement of vanadium added to the top 7.5 
centimeters of coastal plain soil and its availability to bean plants. Less than 3 percent of applied metal moved down the soil profile. Extractable 
concentrations decreased over the first 18 months of the study and remained constant thereafter (Martin and Kaplan 1998). 

In fresh water, vanadium is transported in solution and as particulate transport (dominant process) (WHO 1988). 
Surface Water 
In water, zinc occurs in the environment in the divalent (11) oxidation state. Zinc car! occur in both suspended and dissolved forms in surface water. Dissolved 
zinc may occur as the free (hydrated) zinc ion or as dissolved complexes and compounds with varying degrees of stability. Suspended (undissolved) zinc may 
be dissolved with changes in water conditions (e.g., pH, Eh, solution speciation) or may sorb on to suspended matter. In most waters, zinc exists primarily as 
the hydrated form of the divalent cation. However, the metal often forms complexes with a variety of organic and inorganic ligands (EPA 1979; 1 9 8 4 ~ ;  1987). 
Zinc in aerobic waters is partitioned into sediments through sorption onto hydrous iron and manganese oxides, clay minerals, and organic material. The 
efficiency of these materials in removing zinc from solution varies according to their concentrations, pH, redox potential (Eh), salinity, nature and 
concentrations of complexing ligands, cation exchange capacity, and the concentration of zinc. 

Silver is stable and does not degrade in the 
environment. Thus it will persist 
indefinitely. 

Thallium is stable and does not degrade in 
the environment. Thus it'wiII persist 
indefinitely. 

Vanadium is stable and does not degrade in 
h e  environment. Thus it will persist 
indefinitely. 

Biological degradation of zinc complexes 
:hanges the chemical form of zinc in soil. 
For example, biological degradation in soil 
s necessary for the normal operation of 
:cosystems to facilitate the recycling of 
cinc from litter, feces, and dead organisms. 
In some environments, bacteria and fungi 
ire able to oxidize zinc sulfide producing 
tint sulfate, which will solubilize in the soil 
;ohtion (WHO 2001). 

Pit construction in Building 707 used silver, however, 
the amounts were relatively minor compared to the 
primary five metals (plutonium, uranium, beryllium, 
aluminum, and stainless steel) (RFETS 2005). 

Thallium was not identified or discussed in building 
process information. Thallium has not been found 
associated in UBC sites. Thallium compounds were 
initially identified in the ChemRisk Task I Report in 
inventory at RFETS, although no specific building 
was identified. These chemicals appeared to have 
been used as laboratory standards or analytical testing 
materials because they were used in very small 
quantities. Based on the estimated quantity of these 
chemicals used, thallium was not carried forward as a 
material of concern for the ChemRisk process. Small 
amounts of waste containing thallium as an 
underlying hazardous constituent have been generated 
from both laboratory and process buildings (RFETS 

Pit construction in former Building 707 generally 
used plutonium, uranium, beryllium, aluminum, and 
stainless steel. However, in some instances more 
exotic materials such as vanadium were used. The 
metallurgical operations in former Building 865 
involved the development of alloys in the 1970s, 
which included the use of vanadium. Vanadium was 
also identified as associated with metalworking in 
former Building 444. In former Building 447 
materials handled included vanadium compounds (K- 
H 2005e). 

Zinc was not identified in building processes and was 
not carried forward as a material of concern in the 
ZhemRisk reports. Zinc orthophosphate has been 
added to drinking water system since 2002 to the 
>revent corrosion (K-H 2005e). 

2005). . 
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Surface Soil / Subsurface Soil I Sediment 

PAHs in soil can volatilize, undergo abiotic degradation (photolysis and oxidation), biodegrade, or accumulate in plants. PAHs in soil can also enter 
groundwater and be transported within an aquifer. The K, of a chemical is an indication of its potential to bind to organic carbon in soil and sediment. High- 
molecular-weight PAHs (such as the AOIs in RFETS surface soils) have 16, values in the range of 105-106, which indicates stronger tendencies to adsorb to 
organic carbon (Southworth 1979). PAHs may volatilize from surface soil to air, although volatilization was not an important loss mechanism for 
benzo(b)fluoranthene, dibenz(a,h)anthracene, or benzo(a)pyrene (Park et al. 1990). The uptake of PAHs from soil to plants and the subsequent 
biomagnification is generally quite low (Sims and Overcash 1983). Ratios of PAH concentrations in vegetation to those in soil have been reported to range 
from 0.001 to 0.18 for total PAHs and from 0.002 to 0.33 for benzo(a)pyrene (Edwards 1983). 

Surface Soil 

In soils and sediments, pentachlorophenol is metabolized by acclimated microbes, under both aerobic and anaerobic conditions, or is adsorbed. 
Pentachlorophenol may also be methylated to form pentachloroanisole, a more lipid soluble compound. Adsorption of pentachlorophenol in soils is pH 
dependent. The compound has a pKa value of 4.7 and consequently exists in the ionic f o r m  at environmentally relevant pH values. For example, at pH 4.7, 
pentachlorophenol is 50 percent ionized, whereas at pH 6.7, the compound is about 99 percent ionized (Crosby 1981). The adsorption or mobility of 
pentachlorophenol in soils is controlled primarily by soil pH. The amount of pentachlorophenol adsorbed at a given pH increases with increasing organic 
content of the soil (Chang and Choi 1974). Maximum adsorption has been reported at soil pH values of 4.6-5.1, with no adsorption above pH 6.8 (Choi and 
Aomine 1974). Therefore, the compound is most mobile in neutral-to-basic mineral soils and least mobile in acidic organic soils. Volatilization and 
photolysis do not appear to be important transport and transformation processes for pentachlorophenol in soils. 
Surface Soil I Subsurface Soil 

PCBs are strongly sorbed to soils as a result of low water solubility and high GW (6.5 and 6.8 for Aroclor-1254 and Aroclor-1260, respectively), and will not 
leach extensively (Sklarew and Girvin 1987). The tendency to leach will be greatest among the least chlorinated congeners and is expected to be greatest in 
soil with low organic carbon (Sklarew and Girvin 1987). Leaching of PCBs in most soils should not be extensive, particularly for the more highly chlorinated 
congeners (e.g., Aroclor-1254 and Aroclor- 1260). 

Surface Soil 

"2,3,7,8-TCDD TEQ represents the total toxicity equivalency for the combined toxicity resulting from a mixture of dioxin-like compounds". Generally, 
dioxins are characterized by low vapor pressure, low aqueous solubility, and high hydrophobicity, suggesting that these compounds strongly adsorb to soil and 
that their vertical mobility in the terrestrial environment is low (Eduljee 1987). Because dioxins strongly adhere to soil and exhibit low solubility in water, 
leaching of dioxins would be unlikely if water were the only transporting medium. Instead, wind and erosion can cause the mixing and transport of dioxin- 
contaminated soil. As a result of erosion, surface soil contaminated with dioxins is either blown away by wind or washed via surface water runoff into rivers, 
lakes, and streams, with burial in the sediments being the predominant fate of dioxins sorbed to soil (Hutzinger et al. 1985). 
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for degradation of PAHs in soil 
environments. Photolysis, hydrolysis, Bnd 
oxidation are generally unimportant , 

processes for the degradation of PAHs in 
soils (Sims and Overcash 1983). Although 
differences exist in estimates of 
biodegradation half-lifes by different 
investigators, their results suggest the 
biodegradation half-lives of PAHs with 
more than three rings will be considerably 
longer (>20 days to hundreds of days) than 
PAHs with three or fewer rings. 
Biodegradation is considered the major 
transformation mechanism for 
pentachlorophenol in soil. Half-lives are 
usually on the order of 2-4 weeks. 
Pentachlorophenol is metabolized rapidly 
by most acclimated microorganisms 
(Kaufman 1978). 

PCBs tend to persist in the environment 
with half-lives on the order of months to 
years (Gan and Berthouex 1994; Kohl and 
Rice 1998). There is no abiotic process , 
known that significantly degrades PCBs in 
soil and sediment. Biodegradation has been 
shown to occur under both aerobic and 
anaerobic conditions and is a major 
degradation process for PCBs in soil and 
sediment. Aerobic biodegradation of PCBs 
in the environment occurs mainly in soils 
and surfcial sediments. PCB congeners 
with five or more chlorines (major 
components in Aroclors -1254 and -1260) 
are not readily degraded and considered tu 
be persistent (EPA 1979). PCBs are slowly 
biodegraded in anaerobic environments by 
reductive dechlorination resulting in the 
formation of less toxic congeners, which are 
aerobically biodegradable (EPA 1983). 
Degradation of dioxins in soil is relatively 
slow (e.g., half-lives on the order of years). 
Measurements of 2,3,7,8-TCDD TEQ 
residues after 20,40,80, 160, and 350 days 
of incubation at 28 "C in foil-sealed beakers 
indicated a relatively slow degradation 
process in both soils. After 350 days, 56 
percent of the initially applied 2,3,7,8- 
TCDD TEQ was recovered from the sandy 
soil, while 63 percent was recovered from 
the silty clay loam for all concentrations 
(Keamey et al. 1971). 

For the specific PAH AOIs identified in RFETS soils, 
all having more than three rings, longer 
biodegradation half-lives (e.g., greater than 20 days to 
hundreds of days) are expected (ATSDR 1995). 

The half-life for pentachlorophenol under flooded 
conditions ranged from 10 to 70 days, while under 
upland conditions more typical of RFETS conditions, 
the range was 20-120 days, and the rate of reaction 
increased with the organic matter content. Assuming 
limited organic matter in R E T S  surface soil would 
predict half-lives toward the longer end of the 
reported range (more than 100 days). 

PCBs are relatively nonsoluble and nonvolatile. 
Because the soil at the RFETS transformer sites 
(primary location of PCB-contaminated soils) is dry 
most of the time, dissolution would not be a 
significant process. In general, the higher the degree 
of chlorination, the less volatile the PCB congener. 
At RFETS, the Aroclon with more highly chlorinated 
congeners were largely used, (e.g., Aroclors -1254 
and -1260. Therefore, volatilization is not likely to be 
significant. 

At RFETS, the earlier soil samples identified with 
dioxin concentrations that exceeded the WRW PRG 
were located at the former incinerator, but after 
demolition are now buried approximately 20 feet 
below grade. Due to the very low mobility of dioxins, 
transport to other environmental media is not 
considered likely. 
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Groundwater 

Fluoride is usually less abundant in natural waters than is chloride. Fluoride concentrations in groundwater exist both as the uncomplexed fluoride ion (F), 
and in complexes with metals. Fluoride forms particularly strong complexes with dissolved aluminum (e.g., AlF,’ and AIF?). These aluminum-fluoride 
complex ions may predominate in acid solution at pH values 4.5, while the fluoride anion dominates at neutral and alkaline pHs. The concentration of 
fluoride in groundwater may also be limited by the solubility of fluorite, or by coprecipitation with calcite, but no evidence of this was found in the literature. 
Most fluoride compounds are very soluble in water. Fluorite solubility has been shown to control fluoride concentrations in geothermal waters (Nordstrom 
and Jenne 1977). Fluorite is a widespread mineral in nature and it is known to precipitate in recent estuarine sediments (Krumgalz et al. 1990). The strength 
of fluoride sorption by soils is unclear. ATSDR (2003b, p. 215) states that “fluoride is strongly retained by soil leaching removes only a small amount of 
fluorides from soils.” However, EPRl(1986, p. 12-1) states that “fluoride is not strongly adsorbed by soils,” but the maximum sorption takes place at pH 4 to 
6.5. If the soil does not contain the mineral fluorite, then the aqueous fluoride concentration is still likely to be controlled by sorption-desorption reactions 
(EPRI 1986). The degree of sorption correlates with the A1 oxide content of the soil. Maximum adsorption takes place at various pH values, which depend on 
the adsorbent. The greatest sorption of fluoride on goethite takes place at pH 3 to 4, while on montmorillonite clay the maximum is between pH 6 and 7 
(EPRI 1986). The AI(OHh mineral gibbsite has a high adsorption capacity for fluoride. The halide anions (chloride, fluoride, and iodide) share similar 
chemistry and may be assumed to have similar sorption behavior. In transport modeling, chloride is usually treated as a conservative solute that does not 
undergo significant retardation. Thus chloride is assumed to have a K,, of 0. 

Groundwater / Surface Water 

Naturally occumng nitrates in soil, surface water, and groundwater result from the decomposition by microorganisms of organic nitrogenous material such as 
the protein in plants, animals, and animal excreta. The natural occurrence of nitrates and nitrites in the environment is a consequence of the nitrogen cycle. 
However, nitrites are generally only found in very low concentrations because most environments are oxic which favors the nitrate anion. Most nitrate- 
bearing salts and minerals are highly soluble in water. Therefore, nitrate concentrations in waters are generally not limited by solubility constraints (Freeze 
and Cherry 1979). From a transport perspective, nitrate is considered a conservative constituent, like chloride, because it is not readily sorbed (i.e., retarded) 
and generally migrates at the same rate as groundwater flow with little attenuation (Freeze and Cherry 1979; Fetter 1988). As a result, nitrate in soil is 
expected to be highly soluble and nitrate in groundwater should have very high mobility. However, in heavily vegetated areas, nitrate is taken up by plants 
which effectively retards its transport in shallow groundwater (Drever 1988). 

I An extensive literature search and summary of K,, 
values for sorption of iodide on smectite clays was 
performed by Lindberg and Henry (2000). Smectites 
are commonly occumng clays with large cation 
exchange capacities. The median K,, for iodide 
sorption on,smectites was only 1 .O mVg based on 41 
measurements in the pH range 7 to 8.5 (similar to 
RFETS environment). This information implies high 
mobility for both iodide and fluoride in groundwater 
at RFETS. 
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Table 7.4 
Groundwater Contaminant Plumes - AOC and Sentinel Wells a 

Chloromethane 

Tetrachloroethene 
Trichloroethene 

1,l-Dichloroethene 

SEPs 

700 Area Northeast Plume 

Mound Site (MSS 113) a 

Oil Bum Pit #2 

Trichloroethene 
Carbon Tetrachloride 

Chloroform 
Tetrachloroethene 
Trichloroethene 

Nitratflitrite (as N) 

Nitratflitrite (as N) 
Uranium 
Fluoride 

Carbon Tetrachloride 
Chloroform, 

Tetrachloroethene 
Trichloroethene 

Nitratflitrite (as N) 
Uranium 

Tetrachloroethene 
Trichloroethene 

1,2-Dichloroethane 
cis- 1,2-DichIoroethene 

1,l -Dichloroethene 
Vinyl Chloride 

Chloroform 15699 00997 

Chloroform 9 1203 00997 
Tetrachloroethene 15699 

70299 

0 

1386 
P210089 

Chromium 
Nickel 

70299 

Carbon Tetrachloride 
Chloroform 

Tetrachloroethene 
Trichloroethene 

10594 

10594 

N.E. flow 
00997. 

s. flow 
10304 
00 193 
10304 
00193 
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and distant 
from AOC 

wells 
00997 

Upgradient 
and distant 
from AOC 

wells 
11104 

Table 7.4 
Groundwater Contaminant Plumes - AOC and Sentinel Wells 0 

, 

0 

0 

0' 

Central IA (IA Plume Sources) 

PU&D Yard 

Oil Bum Pit #1 

Building 444 

Building 443 

Building 991 

Present Landfill 

Original Landfillb 

Tetrachloroethene 
Trichloroethene 

Carbon Tetrachloride 
1,l -Dichloroethene 

Nitratflitrite (as N) 
Fluoride 

Chromium 
Carbon Tetrachloride 

Tetrachloroethene 
Trichloroethene 

1,l-Dichloroethene 
Vinyl Chloride 

cis-1.2-Dichloroethene 
Tetrachloroethene 
Tric hl oroet hene 
Trichloroethene 
Vinyl Chloride 

cis-l,2-Dichloroethene 

Tetrachloroethene 

Tetrachloroethene 

1 

Nitratemitrite (as N) 

Benzene 
Arsenic 

Vinyl Chloride 

Tetrachloroethene 

a Some of the wells listed in this table and listed in the I M P  will be rep1 
identification numbers) and the IMP will be updated accordingly. 
b 

None 

1986 
20598 
20298 
20798 

30002 

33703 
1986 

20798 

E. flow 
00797 
40399 
s. flow 
1 1502 

,Upgradient 
and distant 

from Sentinel 
wells 
99301 
99401 
2187 
4087 

B206989 

60493 
7086 

62793 
ed (with wells th, 

00997 
42505 

105 94 

10594 

E. flow 
89 104 

s. flow 
11 104 

Upgradient 

I 
have different 

'The final Sentinel wells for the Original Landfill will be new wells installed in the approximate locations of 
the wells listed. 
General note: Three Sentinel wells (37402,37501, and 37701) listed in the IMP are not included in this fate 
and transport evaluation because they are located downgradient from the Building 37 1/374 area, where no 
contiguqus plumes of contaminants have been detected. 
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Table 7.5 

58194 
58494 
P313589 
P314289 

Well Point No Yes No No Yes 
Well Point No Yes No No Yes 

Monitoring Well No Yes No No Yes 
Monitoring Well No Yes No No Yes 

a Well 4887 is being retained, in accordance with the FY05 Integrated Monitoring Plan, for groundwater monitoring 
in the post-accelerated action condition. 
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Table 7.6 
Surface Water - PIutonium-239/240 Average Concentrations ‘by Location (pCi/L) 

(a) No pond discharge occurred in this Water Year. 

. .  . . 

. .  
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0 

2004 
2005 
Maximum 
Minimum 
Median 

. \  . .  . 
. .  

0.002 0.008 0.010 0.005 (a) 0.148 0.478 0.367 
0.003 0.021 0.018 0.022 0.010 0.197 0.032 0.484 
0.005 0.021 0.025 0.022 0.015 0.397 0.478 0.484 
0.002 0.004 0.003 0.001 0.005 0.072 0.001 0.011 
0.003 0.008 0.007 0.004 0.010 0.148 0.018 0.025 

. .  

Table 7.7 
Surface Water - Americium-241 Average Concentrations by Location (pCi/L) 
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Table 7.8 
Surface Water - Total Uranium Average Concentrations by Location (pCi/L) 

(a) No pond discharge occurred in this Water Year. 
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Table 7.9 
Summary of Air Emission Sources of Historical Interest and Current Status 

Radionuclide 
processing/operations and waste 
handling/storage 
Radionuclide surface soil 
contamination (resuspension by 
wind) 
Tri ti um 

Beryllium processing/operations 
and waste handling/storage 

Environmental restoration 

Decommissioning/building 
demo1 i tion 

Landfills 

plutonium, americium, 
uranium 

plutonium, americium, 
uran i um 

Tritium 

Berillium 

Plutonium, americium, 
uranium 
vocs 

PM/PM 10 

CO, NO,, SO*, VOCS, 
PMlo (from construction 
equipment and traffic) 
Plutonium, americium, 

uranium 
PM/PM,o 

CO, NO,, SOZ, VOCS, 
PMlo (from construction 
equipment and traffic) 

vocs, HAPS 
Landfill gas (methane and 

CO,) 

Point source emissions 
from stacks and vents 

Fugitive emissions 

Primarily point source 
emissions from stacks 

and vents 
Point source emissions 
from stacks and vents 

Fugitive and tailpipe 
emissions 

Fugitive and tailpipe 
emissions 

Fugitive emissions 

No potential sources remain 
following completion of 

accelerated actions 
Minor continuing emissions from 
residual soil contamination below 

RSALs 
No potential sources remain (since 

at least 2000) 

No potential sources remain 
following completion of 

accelerated actions 
No potential sources remain 

following completion of 
accelerated actions 

No potential sources remain 
following completion of 

accelerated actions 

Minor continuing emissions; 
below regulated levels 

No 

Yes 

No 

No 

No 

.No 

Yes 
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0 

Americium-24 I 

(radionuclide) 

Plutonium- 
2391240 

[radionuclide) 

Table 7.10 
Summary of A 0 1  Distribution in Different Media 

Surface Soil 

Subsurface Soil 

Surface Water 

Sediment 

Surface Soil 

Subsurface Soil 

Surface Water 

Above soil WRW PRG in: 
N. Walnut Creek basin 
- Northern IA (700 area) 
S. Walnut Creek basin 
- Adjacent to Pond B-2 
- 903 Pad Lip Area, northern portion 
Woman Creek basin 
- 903 Pad Lip Area 

Above soil WRW PRG in subsurface soil: 
S. Walnut Creek basin 
- East Trenches 

Above surface water standard in: 
N. Walnut Creek basin: 
- Several locations in IA & drainage, Ponds A- 1, A-4 
S. Walnut Creek basin 
- Multiple locations in JA and drainage, P0nd.B-2 
Woman Creek basin 
- SID and SID tributaries 

Above sediment WRW PRG in: 
N. Walnut Creek basin: 
- Pond A-1 
Above soil WRW PRG in: 
N. Walnut Creek basin 
- Northern IA (700 area) 
S. Walnut Creek basin 
- Adjacent to Pond B-2, B-3 
- 903 Pad Lip Area, northern portion 
Woman Creek basin 
- 903 Pad Lip Area 
- Woman Creek hillside south of 800 area 

Above soil WRW PRG in subsurface soil: 
N. Walnut Creek basin 
- 1A (700 area) 
S. Walnut Creek basin 
- East Trenches 
Woman Creek basin 
- 903 Pad Lip Area 

Above surface water standard in: 
N. Walnut Creek basin: 
- Several locations in  IA & drainage, near Pond A- 1 
S. Walnut Creek basin 

Residual contamination in 
surface soil, subsurface 

.soil, sediments 

Residual contamination in 
surface soil, subsurface 

soil, sediments 
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Table 7.10 
Summary of A 0 1  Distribution in Different Media 

- Several locations in 1A and drainage, Pond B-2 
Woman Creek basin 
- SID and SID tributaries 
Rock Creek 
- Northeast of Lindsey Pond (location BU-70-001) 

Sediment Above sediment WRW PRG in: 
N. Walnut Creek basin: 
- Pond A-1 
S. Walnut Creek basin 
- Central Ave. Ditch at 8" Ave 
- Ponds B-2, B-4 
Woman Creek basin 

- Ditch SE of 903 Pad, in Lip Area 
Above soil WRW PRG in: 
N. Walnut Creek basin 
- Northern IA (700 area) 
S. Walnut Creek basin 
- 400, 100 areas 
Woman Creek basin 
- Ash Pits 
- Original Landfill 

- SID 

Surface Soil Residual anthropogenic 
uranium in surface soil, 

plus high relative 
abundance of natural 

uranium 

Uranium-2331234 

(radionuclide) 

Residual anthropogenic 
uranium in surface soil, 

plus high relative 
abundance of natural 

uranium 

Above soil WRW PRG in: 
N. Walnut Creek basin 
- Northern IA (700.area) 
S. Walnut Creek basin 
- 400, 100 areas 
Woman Creek basin 
- Ash Pits 
- Original Landfill 

Surface Soil 

Subsurface Soil 

Uranium-235 

(radionuclide) 

Above soil WRW PRG in subsurface soil: 
Woman Creek basin 
- Ash Pits 
Above soil WRW PRG in: 
N. Walnut Creek basin 
- Northern IA (700 area) 
S. Walnut Creek basin 
- 400, 100 areas 
Woman Creek basin 
- Ash Pits 
- Original Landfill 

Residual anthropogenic 
uranium in surface soil, 

plus high relative 
abundance of natural 

uranium 

Surface Soil 

Subsurface Soil 

Uranium-238 

(radionuclide) 

Above soil WRW PRG in subsurface soil: 
Woman Creek basin 
- Ash Pits 
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Dichloroethene 

Benzene 

IVOC) 
Carbon 
Tetrachloride 

(VOC) 

Zhloroform 

y o c )  

Table 7.10 
Summary of A 0 1  Distribution in Different Media 

Ground water 

Groundwater 

Subsurface soil 

Groundwater 

Surface Water 

Subsurface soil 

Groundwater 

Groundwater above surface water standard in: 
N. Walnut Creek basin 
- PU&D Yard 
- B771 
- S.E. of B37 1 
S. Walnut Creek basin 
- Oil Burn Pit #2 
- Mound Site 
- East Trenches 
Woman Creek basin 
- 903 Pad 
- IHSS 119.1 (OU1, on hillside southeast of B881) 
Groundwater above surface water standard in: 
No Name Gulch basin 
Present Landfill (in landfill) 
Above soil WRW PRG in: 
N. Walnut Creek basin 
- IHSS 1 18.1 location 

Groundwater above surface water standard in: 
N. Walnut Creek basin 

S. Walnut Creek basin 
- Mound 
- E. Trenches, 
- 903 Pad 
Woman Creek basin 
- 903 Pad, 
- Ryan’s Pit 

-1HSS 118.1 

- IHSS 119.1 

Above surface water standard in: 
N. Walnut Creek basin: 
- 77 1/774 foundation drains (drains no longer exist) 
S. Walnut Creek basin 
- Downgradient from Mound site (SW061) 
Above soil WRW PRG in: 
N. Walnut Creek basin 
- IHSS 118.1 location 

Groundwater above surface water standard in: 
N. Walnut Creek basin 

S. Walnut Creek basin 
- Mound 
- E. Trenches, 
- Oil Burn Pit #2, 
- 903 Pad 

- IHSS 118.1 

Localized residual 
subsurface contamination 
resulting from degradation 
of other VOCs, including 

trichloroethene 

Localized subsurface 
residual contamination. 

Localized subsurface 
residual contamination. 

Localized subsurface 
residual contamination. 

Chloroform is a 
degradation daughter 

product of carbon 
tetrachloride. 

DW/E032005011 .DOC 4 o f l l  
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a 

9% 
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Chloromethane 

(VOC) 

Methylene 
chloride 

(VOC) 

Tetrachloroethene 

(VOC) 

Table 7.10 
Summary of A 0 1  Distribution in Different Media 

Surface Water 

Groundwater 

Subsurface Soil 

Groundwater 

Surface Water 

Subsurface Soil 

Ground water 

DEh'IEo3200501 ].DOC 

Woman Creek basin 
- 903 Pad, 
- Ryan's Pit 

Above surface water standard in: 
N. Walnut Creek basin: 
- 77 1/774 foundation drains (drains no longer exist) 
- 37 1 foundation drain (drain no longer exists) 
Groundwater above surface water standard in: 
N. Walnut Creek basin 

- B559 area 
S. Walnut Creek basin 
- Mound 
- 800 area 
- 903 Pad 
Woman Creek basin 

- IHSS 118.1 

- 903 Pad 
Above soil WRW PRG in: 
N. Walnut Creek basin 
- IHSS 118.1 location 

Groundwater above surface water standard in: 
N. Walnut Creek basin 

S. Walnut Creek basin 
- Mound-Oil Burn Pit #2 

Surface water above surface water standard in: 
N. Walnut Creek basin 
- 771 foundation drain (no longer exists) 

- IHSS 118.1 

S. Walnut Creek basin 
- Several locations (SW056, SW061, SW132) 
Above soil WRW PRG in: 
N. Walnut Creek basin 

- Oil Burn Pit #1 
S. Walnut Creek basin 
- Moundoil Burn Pit #2 
- 991 area 

- IHSS 118.1 

Groundwater above surface water standard in: 
N. Walnut Creek basin 

- PU&D Yard 
S. Walnut Creek basin 
- Mound Site/ Oil Burn Pit #2 
- E. Trenches 

- IHSS 118.1 

5 of 11 

Localized subsurface 
residual contamination. 

Chloromethane is a 
degradation daughter 
product of methylene 

chloride. 

Localized sub sur face 
residual contamination. 
Methylene chloride is a 
degradation daughter 
product of chloroform 

(from carbon 
tetrachloride). 

Localized subsurface 
residual contamination. 



0 Table 7.10 
Summary of A01  Distribution in Different Media 

Surface Water 

Subsurface Soil Trichloroethene 

WOC) 

Groundwater 

1,1,2,2- 
Tetrachloroethane 

Surface Water 

Subsurface Soil 

DENIE03200501 I.DOC 

- B443/444 area 
Woman Creek basin 
- 903 Pad 
- Ryan's Pit 

Above surface water standard in: 
N. Walnut Creek basin 
- B771 foundation drain (drain no longer exists)' , 

S. Walnut Creek basin 

- Near Mound Site discharge (SW061,and SW132) 
Above soil WRW PRG in: 
S. Walnut Creek basin 
- E. Trenches 
- Oil Burn Pit #2 

- IHSS 119.1 (OU1) 

- South of B991 (SW056) 

Groundwater above surface water standard in: 
N. Walnut Creek basin 

- SEP (Pond 207-C) 
- PU&D Yard 
S. Walnut Creek basin 
- Mound Site 
- E. Trenches 
- Oil Burn Pit #2 
- 903 Pad 
- B443/444 area 
- Central IA 
Woman Creek basin 
- 903 Pad 
- Ryan's Pit 

-E .  of 371 

- IHSS 119.1 (OU1) 

Above surface water standard in: 
S. Walnut Creek basin 

- South of B991 (SW0.56) 
- Near Mound Site discharge (SW061) 
- Pond B-2 
- Pond B-4 inlet 
Woman Creek basin 
- seep between SID and Woman Creek (SW10300) 
Above soil WRW PRG in: 
N. Walnut Creek basin 
- IHSS 118.1 location 
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Localized subsurface 
residual contamination, 

plus degradation of 
tetrachloroethene 

Localized subsurface 
residual contamination. 
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Table 7.10 
Summary of A 0 1  Distribution in Different Media 

Vinyl chloride 

Aluminum 

(Metal) 

Antimony 

(Metal) 

Arsenic 

(Metal) 

.Ground water 

Surface Water 

Surface Soil 

Surface Water 

Sediment 

Surface Soil 

Groundwater 

Sediment 

Ground,water above surface water standard in: 
N. Walnut Creek basin 
- Oil Burn Pit #1 
- PU&D Yard 
S. Walnut Creek basin . 
- Mound 

No Name Gulch 
- Present Landfill (in landfill) 

- B551 

Above surface water standard in: 
S. Walnut Creek basin 
- Pond B-2 
- South of B991 (SW056) 
Above soil WRW PRG in: 
N. Walnut Creek basin 
- Northern IA (700 area) 
S. Walnut Creek basin 
- Central IA (400 area) 
Other basins 
- Limited locations in BZ OU -Rock Creek, Woman 
Creek, Smart Ditch basins 

Above surface water standard in: 
N. Walnut Creek basin: 
- B779 footing drain outfall 
- Pond A-4 
Above sediment WRW PRG in: 
Woman Creek basin 
- B664 runoff drainage to SID 

Above background and soil WRW PRG in: 
N. Walnut Creek basin 
- Several locations in IA 
S. Walnut Creek basin 
- Several locations in IA 
Other basins 
- Limited locations in BZ OU -Rock Creek, Smart 
Ditch, No Name Gulch, McKay Ditch basins 

Above surface water standard in: 
N. Walnut Creek basin: 
- Present Landfill 

Above sediment WRW PRG in: 
N. Walnut Creek basin: 
- N. Walnut Creek ponds 
S. Walnut Creek basin 

Localized subsurface 
residual contamination 

plus degradation of other 
vocs 

Residual distributed in 
surface soil, plus naturally 
occurring source material 

Residual distributed in 
surface soilkediment, plus 
naturally occurring source 

material 
Residual distributed in 

surface soil, and sediment 
in Industrial Area and 

Buffer Zone OUs, plus 
naturally occurring source 

material 

DENIE032005011 .DOC 7 o f l l  



Beryllium 

(Metal) 

Chromium 

(Metal) 

Table 7.10 
Summary of A 0 1  Distribution in Different Media 

Surface Water 

Surface Soil 

Subsurface Soil 

Groundwater 

Surface Water 

- S. Walnut Creek ponds 
- Central Ave. Ditch 
- 400 Area 
Woman Creek basin 
- SID 
- Pond C-2 
- Owl Branch and tributary 
- Antelope Springs Creek 
No Name Gulch 
Rock Creek 
Smart Ditch 
- Pond D-1 and D-2 
Above surface water standard in: 
N. Walnut Creek basin 
- near 371 (GS60) 
- SEP area (GS50) 
S. Walnut Creek basin 
- Central IA (GS38) 
Woman Creek basin 
- Western Woman Ck. (GS06) 
Above soil WRW PRG in: 
N. Walnut Creek basin: 
- Throughout northern IA and PU&D Yard 
S. Walnut Creek basin 
- Throughout central IA 
Woman Creek basin 
- Throughout SID basin 

Above WRW PRG in: 
N. Walnut Creek basin: 
- IA (700 Area) 
S. Walnut Creek basin 
- I A  (400 Area) 
- East Trenches 
Woman Creek basin 
- Ash Pits 

Groundwater above surface water standard in: 
N. Walnut Creek basin 
- B771 area 
S. Walnut Creek basin 
- E. Trenches 
Woman Creek basin 

- IHSS 119.1 (OUI, on hillside southeast of B88l) 
- S. of 903 Pad 

Above surface water standard in: 
N. Walnut Creek basin: 

Residual distributed in 
surface and subsurface 

soil, plus naturally 
occurring source material 

Residual distributed in 
surface and subsurface 

soil, plus naturally 
occurring source material 
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Lead 

[Metal) 

Vickel 
:dissolved + total) 

:Metal) 

Table 7.10 
Summary of A 0 1  Distribution in Different Media 

Sediment 

Subsurface soil 

Surface Water 

Groundwater 

Surface Water 

- N.W. of 776 (GS49) 
- Drainage N.W. of 77 1 (GS60) 
S. Walnut Creek basin 
- SEP runoff (GS50) 
- 400,600 area runoff (GS38) 
Woman Creek basin 
- Western Woman Ck. (GS06) 

Above soillsediment WRW PRG in: 
N. Walnut Creek basin: 
- Upstream from Pond A-1 
- N. Walnut Creek ponds (A-2, A-3) 
S. Walnut Creek basin 
- Along 750 Pad 
- IA (400 Area) 
Woman Creek basin 
- B664 tributary to SID 
West Diversion Ditch 
Above WRW PRG in: 
S. Walnut Creek basin 
- IA (400 Area) 
Woman Creek basin 
- Ash Pits 
- Firing Ranges N. and S. of Woman Creek 

Above surface water standard in: 
N. Walnut Creek basin: 
- 779 basin (GS32) 
S. Walnut Creek basin 
- 400 & 600 Areas, Central Ave. ditch (GS38) 
- Central Ave. overflow (SW060) 
Woman Creek basin 
- Western Woman Ck. (GS06) 
Groundwater above surface water standard in: 
Woman Creek basin 
- B850 area 
- Original Landfill 
- IHSS 119.1 (OUI, on hillside southeast of B88I) 
- Ash Pits 
- S. of 903 Pad (total only) 

Above surface water standard in: 
N. Walnut Creek basin 
- near 371 (GS60) 
S. Walnut Creek basin 
- Central IA (GS38) 
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Residual distributed in-- 
subsurface soil, plus 

naturally occurring source 
materi a1 

Residual distributed in 
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Dibenz( a,h)- 
anthracene 

(SVOC) 

PCB-1254 

2,3,7,8-TCDD 

IVOC’I 
Fluoride 

(water quality 
parameter) 

Nitratemitrite 
(as N) 

(water quality 
parameter) 

I 

Table 7.10 
Summary of A 0 1  Distribution in Different Media 

Surface Soil 

Sediment 

~ ~~ 

Surface Soil 

Surface Soil 

Subsurface Soil 

Surface Soil 

Groundwater 

Groundwater 

Surface Water 

DWIE03200501 I .DOC 

Above soil WRW PRG in: 
N. Walnut Creek basin 
- IA (700,500 areas) 
S. Walnut Creek basin 
- IA (800,300,100 areas) 

Above soil WRW PRG in: 
Woman Creek basin 
- Pond C-1 
Above soil WRW PRG in: 
N. Walnut Creek basin 
- IA (700,500, SEP areas) 
S. Walnut Creek basin 
- IA (800,300,100 areas) 

1 

Above soil WRW PRG in: 
N. Walnut Creek basin 
- IA (700,500, SEP areas) 
S. Walnut Creek basin 
- IA (800,300,100 areas) 

_- 

Above soil WRW PRG in: 
N. Walnut Creek basin 
- 700 area 
Above soil WRW PRG in: 
Woman Creek basin 
- BZ OU (incinerator area) 
Groundwater above surface water standard in: 
N. Walnut Creek basin 

Woman Creek basin 
- SEPS 

- lHSS 119.1 (OU1) 
- S. of B881 
No Name Gulch basin 
- E. of Present Landfill 

Groundwater above surface water standard in: 
N. Walnut Creek basin 

- Above Pond A-1 
Woman Creek basin 
- IHSS 119.1 (OU1) 
- 903 Pad 

- SEPS 

Above surface water standard in: 
N. Walnut Creek basin: 
- Several sample locations in N. Walnut drainage 
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Localized residual in 
surface soil and sediment. 

Localized residual in 
surface soil. 

Localized residual in 
surface soil. 

Localized residual in 
surface soil. 

Localized residual in 
groundwater. 

Localized subsurface 
residual in groundwater. 



Table 7.11 
Integrated Pathway Analysis - Summary Table 

~mericium-241 

(radionuclide) 

Plutonium-239/240 

(radionuclide) 

DEN/Eo3200501 I .Doc 

I surface soil causes americium-241 to be transported to surface water, sediment, and air. The 
residual americium-241 persists indefinitely (for the purposes of this analysis), with a radioactive 

The dominant migration process for americium-241at RFETS is via runoff and 
erosion of surface soil with residual americium-241. Airborne transport also 

I occurs, but at concentrations that are’a small fraction of the allowable standard. 
Subsurface Soil I No Americium-241 surface water Quality at POCs 

, Yes I Sediment 

primary media of concern, because it does not provide an available source term for processes that 
will migrate americium-241. It is noted americium-241 is not a groundwater AOI, based on site 
data. This is expected because of the low solubility of americium-241and its characteristic strong 

Despite the residual americium-241 in surface soil, americium-241 has 
historically been observed below the surface water standard at POC locations, 
even during periods with widespread soil disturbance in the former IA. 
Effect of accelerated actions 
The primary historic source of americium-24 1 in surface soil was remediated at 
the 903 Pad and Lip Area, which should improve long-term surface water quality. 

during “worst case” periods with widespread soil disturbance in the former IA. 
Americium-24 1 has historically been detected in sediment at concentrations above the WRW PRG, 
as a result of erosion, transport, and deposition of surface soil with residual americium-241 (see 

Sediment Yes 

In addition, removal of buildings and pavement has decreased runoff volumes and 
peak discharge rates, which will reduce soil erosion, with its associated 
americium-241 transport and impact on surface water and sediment. Improvement 
is based on the assumption that vegetation is established, soil is stabilized, and 
widespread soil disturbance does not occur in areas with residual americium-241. 

Summary and Implications for Feasibility Study 
Americium-241 has been compliant at the surface water POCs, even during 
periods of widespread soil disturbance in the former IA, based on historic surface 
water quality data. Removal of americium-241 surface soil sources through 
accelerated actions, coupled with reduced runoff and erosion, should further 
benefit surface water quality. Based on this information, americium-241 is not 
carried forward for further evaluation in the feasibility study. 

Air 

urface Sc Pnmarv migration Drocess 
The dominant migration process for plutonium-239/240 at RFXTS is via runoff 
and erosion of surface soil with residual plutonium-239/240. Airborne transport 
also occurs, but at concentrations that are a small fraction of the allowable 
standard. 
Plutonium-239/240 surface water quality at POCs 
Despite the residual plutonium-239/240 in surface soil, plutonium-239/240 has 
historically been observed below the surface water standard at POC locations, 
even during periods with widespread soil disturbance in the former IA. 
Effect of accelerated actions 
The primary historic source of plutonium-239/240 in surface soil was remediated 
at the 903 Pad and Lip Area, which should improve long-term surface water 

volumes and peak discharge rates, which will reduce soil erosion, with its 
associated plutonium-239/240 transport and impact on surface water and 
sediment. Improvement is based on the assumption that vegetation is established, 
soil is stabilized, and widespread soil disturbance does not occur in areas with 
residual plutonium-239/240. 

quality. In addition. removal of buildings and pavement has decreased runoff 

Summary and Implications for Feasibility Study 
Plulonium-239/240 has been compliant at the surface water POCs, even durin 
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Table 7.11 
Integrated Pathway Analysis - Summary Table 

uranium were remediated (at the Original Landfill and 903 Pad Lip Area), which should further 
serve to improve long-term surface water quality (see discussion below on sum of uranium Uranium-233/234 surface water Quality at POCs 

A standard for uranium-233/234 in surface water does not exist. However, total 
uranium concentrations in,surface water have historically been below the surface 
water standard at POC locations. 
Effect of accelerated actions 
The primary historic surface sources of uranium-233/234 were remediated (at the 
Original Landfill and 903 Pad Lip Area), which should further serve to improve 
long-term surface water quality. 
Summary and Implications for Feasibility Study 
A uranium-233/234 standard in surface water does not exist. However, total 
uranium concentrations in surface water have historically been compliant at the 
POC locations, even during periods of widespread soil disturbance. Removal of 
uranium-233/234 surface soil sources through accelerated actions, coupled with 
reduced runoff and erosion, should further benefit surface water quality. Based on 
this information, uranium-233/234 is not carried forward for further evaluation in 
the feasibility study. 
Primary migration process 
The dominant migration process for uranium in the RFETS environment 
(including uranium-235) is related to dissolved groundwater transport (see 
discussion on uranium [sum of isotopes]). Airborne transport of uranium-235 
also occurs, but at concentrations that are a small fraction of the allowable 
standard. 
Uranium-235 surface water Quality at POCs 
A standard for uranium-235 in surface water does not exist. However, total 
uranium concentrations in surface water have historically been below the surface 
water standard at POC locations. 
Effect of accelerated actions 
The primary historic surface sources of uranium-235 were remediated (at the 
Original Landfill and 903 Pad Lip Area), which should further serve to improve 
long-term surface water quality. 

Summary and ImDlications for Feasibility Study 
A uranium-235 standard in surface water does not exist. However, total uranium 
concentrations in surface water have historically been compliant at the surface 
water P o C  locations, even during periods of widespread soil disturbance. 

Uranium2 3 31234 

(radionuclide) 

Uranium-235 

(radionuclide) 

DENIEo3200501 I .Doc 

Subsurface Soil Yes Residual uranium-235 exists in subsurface soil in limited, isolated locations at concentrations 
above the WRW PRG, co-located with areas that have elevated uranium (sum of isotopes) in 
moundwater. 
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Table 7.11 
Integrated Pathway Analysis - Summary Table 

Uranium-238 

(radionuclide) 

Uranium 
(sum of isotopes) 

(radionuclide) 

DENIE03200501 I .DOC 

billion years). Residual uranium-238 exists in surface soil in limited, isolated locations at 
concentrations above the WRW PRG. However, the locations with uranium-238 in surface soil 
above the WRW PRG do not appear to be associated with elevated concentrations of uranium 
migrating in groundwater or surface water. In addition, the primary historic surface sources of 
uranium were remediated (at the Original Landfill and 903 Pad Lip Area), which should further 
serve to improve long-term surface water quality (see discussion below on sum of uranium 
isotopes). 
Residual uranium-238 exists in subsurface soil in limited, isolated locations at concentrations 
above the WRW PRG, co-located with areas that have elevated uranium (sum of isotopes) in 

Subsurface Soil Yes 

Sediment I . No Uranium-238 is detected in sediments above the WRW PRG. However, the elevated sediment 
concentration, in an isolated location in the southwest quadrant of the former IA, is not co-located 

Groundwater 

Surface Water 

Yes 

Yes 

Uranium (sum of isotopes) is detected in groundwater at concentrations above the surface water 
standard. Elevated concentrations of uranium in groundwater can be attributed natural sources, 
though in the SEP plume area, in particular, uranium from anthropogenic sources has been 
detected. A groundwater collection and treatment system (downgradient of the SEP uranium 
plume) was installed to disruDt the Dathwav from groundwater to surface water. 
Uranium (sum of isotopes) is detected in surface water at concentrations above the surface water 
standard, particularly in the North Walnut Creek drainage (downgradient from the SEP 
groundwater plume). While migrahon from groundwater into surface water is occurring, surface 
water concentrations of uranium have historically been below the surface water standard at the 
surface water POCs. 

Removal of uranium-235 surface soil sources through accelerated actions, coupled 
with reduced runoff and erosion, should further benefit surface water quality. 
Based on this information, uranium-235 is not carried forward for further 
evaluation in the feasibility study. 

Primary migration Drocess 
The dominant migration process for uranium in the FWETS environment 
(including uranium-238) is related to dissolved groundwater transport (see 
discussion on uranium [sum of isotopes]). Airborne transport of uranium-238 
also occurs, but at concentrations that are a small fraction of the allowable 
standard. 
Uranium-238 surface water quality at POCs 
A standard for uranium-238 in surface water does not exist. However, total 
uranium concentrations in surface water have historically been below the surface 
water standard at POC locations. 
Effect of accelerated actions 
The primary historic surface sources of uranium-238 were remediated (at the 
Original Landfill and 903 Pad Lip Area), which should further serve to improve 
long-term surface water quality. 

Summary and Implications for Feasibility Study 
A uranium-238 standard in surface water does not exist. However, total uranium 
concentrations in surface water have historically been compliant at the POC 
locations, even during periods of widespread soil disturbance. Removal of 
uranium-238 surface soil sources through accelerated actions, coupled with 
reduced runoff and erosion, should further benefit surface water quality. Based o 
this information, uranium-238 is not carried forward for further evaluation in the 
feasibility study. 

Primary mimation Drocess 
Uranium migration at RFETS is primarily associated with dissolved groundwater 
transport and discharge to surface water. 
Uranium surface water quality at POCs 
Surface water concentrations of uranium have historically been below the surface 
water standard at the surface water POCs. 
Effect of accelerated actions 
A groundwater collection and treatment system (downgradient of the SEP 
uranium plume) disrupts the pathway from groundwater to surface water. 
Phytoremediation enhancements will further benefit water quality. 
Summarv and Implications for Feasibility Study 
Uranium migration at RFETS is primarily associated with groundwater transport 
and discharge to surface water. Surface water concentrations of uranium have 
historically been below the surface water standard at the POCs, and a groundwater 
Zollection and treatment system exists to disrupt the groundwater to surface water 
pathway, downgradient from the SEP plume. In addition, elevated concentrations 
3f uranium in groundwater and surface water in the downstream drainages are 
iominated by uranium from natural sources. Therefore, uranium is not carried 
Forward for further evaluation in the feasibility study. 
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Table 7.11 
Integrated Pathway Analysis - Summary Table 

Gross alpha 

(radionuclide) 

Gross beta 

(radionuclide) 

cis- 1,2-Dichloroethene 
(cis-1.2-DCE) 

pes uranium-238, u 
t analysis. Limited 

Source removal actions, such as at the 903 Pad Lip Area, will decrease the 
migration of alpha-emitting constituents into surface water. 

Summary and Implications for Feasibility Study 
Gross alpha is below the surface water standard at the terminal ponds and the 
POCS. Gross alpha is not carried forward for evaluation in the feasibility study. 

No Surface Water 

I helnw the surface water standard. I 

Several isotopes detected in low relative concentrations at E T S  are beta-emitters, including 
potassium-40, tritium, cesium- 137, and strontium-90. However, none of these individual isotopes 
are surface water AOls. Limited gross beta data indicate gross beta concentrations above the 
surface water standard in the North Walnut Creek watershed (at POC location GS 11, below Pond 
A-4). However, at the Walnut Creek boundary POC location (station GS03), the gross beta is 

Ground water Yes cis- 1,2-DichIoroethene is a biodegradation daughter product of tetrachloroethene. It is detected in 
groundwater above the surface water standard at the Mound site, East Trenches, and 903 Pad 
plumes. All of these locations also have tetrachloroethene present in groundwater at 
concentrations above the surface water standard. In addition, migration from groundwater to 
surface water is observed (see text below). 
cis-1.2-Dichloroethene is observed at concentrations above the surface water standard in South 
Walnut Creek, downgradient from the Mound Site, indicating migration from groundwater to 
surface water at that location. While migration from groundwater into surface water is occurring, 
it is noted that in the terminal ponds (upstream from the surface water POCs), surface water 
concentrations of cis- 1.2-dichloroethene are below the surface water standard. 

Primary mipration process 
There is no specific migration process. Gross beta is an indicator parameter for 
different radionuclides that have different migration processes. 
Gross beta surface water quality at POCs 

~ Gross beta is below the surface water standard at surface water POCS (except for 
1 station GSl 1 below Pond A-4) 

~ Summary and Implications for Feasibility Study 
Gross beta is below the surface water standard at the terminal ponds and the 
POCS (except for GSl 1). *Gross alpha is not carried forward for further 
evaluation in the feasibility study. 

Primary migration process 
The migration of cis-l,2-dichloroethene from soil is associated with groundwater 
transport and discharge to surface water. 
cis- 1.2-Dichloroethene surface water quality at POCs 
Surface water concentrations of cis- 1,2-dichloroethene have historically been 
below the surface water standard in the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
Accelerated actions have been completed at all the primary locations where cis- 
1,2-dichIoroethene has been detected in groundwater above the surface water 
standard. Soil source removals were completed at the Mound, Oil Bum Pit #2. 
East Trenches, and 903 Pad sites. Groundwater collection and treatment systems 
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1 ,ZDichloroethane 
(1 ,ZDCA) 

1.1 -Dichloroethene 
(1.1-DCE) 

Table 7.11 
Integrated Pathway Analysis - Summary Table 

Accelerated actions have been completed where 1 ,Zdichloroethane is detected in 
groundwater above the surface water standard, at the Mound site. These actions 
include soil source removal and a groundwater collection and treatment system, 
downgradient from the Mound plume. These actions reduce future sources of 1,2- 
dichloroethane, disrupt groundwater to surface water migration, and reduce the 
future potential impact on groundwater and surface water from 1.2- 
dichloroethane. 

Summary and Implications for Feasibility Study 
1,2-Dichloroethane is an A01 in groundwater only. Surface water concentrations 
of 1,2-dichIoroethane have historically been below the surface water standard at 
the terminal ponds. Accelerated actions (including source removal, and a 
groundwater collection and treatment system) and enhancements have 
implemented the reasonable and practicable alternatives and will reduce future 
impacts to groundwater and surface water from 1,2-dichloroethane. Therefore, 
1,2-dichIoroethane is not carried forward for further evaluation in the feasibility 
study because of its fate and transport characteristics. 
Primary migration process 
1,l-Dichloroethene is an A01 in groundwater only. Its primary migration process 
from soil is associated with groundwater transport. 
1.1-Dichloroethene surface water quality at POCs 

Groundwater No 1 ,I-Dichloroethene is detected in groundwater above the surface water standard at several 
locations. However, it is not an A01 in surface water - it has not mjgrated to the extent where it is 
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measured in surface water above the surface water standard. In the terminal ponds (upstream from 
the surface water POCs), surface water concentrations of 1,l-dichloroethene are below the surface 
water standard. Therefore, based on current.conditions, 1,l-dichloroethene in groundwater is not a 

Benzene is detected in groundwater above the surface water standard at one location (at the Present 
Landfill). In addition, benzene biodegrades relatively quickly; one study reported its half-life to be 
28 days in groundwater (ATSDR 1997). Therefore, based on current conditions, benzene in 
moundwater is not a Drimarv mimation Dathwav at RFETS. 
Benzene is detected in surface water above the surface water standard at two locations (at the 
influent to the East Landfill Pond and in Pond A-3). However, in the terminal ponds (upstream 
from the surface water POCs), surface water concentrations of benzene are below the surface water 
standard. In addition, benzene biodegrades relatively quickly; one study reported its half-life to be 
16 days in surface water (ATSDR 1997). Therefore, based on current conditions, benzene in 
surface water is not a Drimarv mimation oathwav at RFETS. 
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Surface water concentrations of 1 ,I-dichloroethene are below the surface water 
standard in the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
Accelerated actions have been completed at several locations where 1,l- 
dichloroethene is detected in groundwater above the surface water standard. 
These include soil source removals at the Mound, Oil Burn Pit #2, East Trenches, 
and 903 Pad sites. Groundwater collection and treatment systems were 
constructed downgradient from the Mound / Oil Burn Pit #2 and East Trenches 
plumes, enhanced biodegradation measures were implemented at the 903 Pad and 
PU&D Yard areas, and phytoremediation enhancements were implemented 
downgradient from the East Trenches. These actions reduce future sources of 1.1 - 
dichloroethene, disrupt the pathway from groundwater to surface water, and 
reduce the future potential impact on groundwater and surface water from 1,l- 
dichloroethene. 

Summary and Implications for Feasibility Study 
1,l-Dichloroethene is an A01 in groundwater only. Surface water concentrations 
of 1 ,I-dichloroethene have historically been below the surface water standard at 
the terminal ponds. Accelerated actions and enhancements at several locations 
(including source removals, groundwater collection and treatment systems, 
enhanced biodegradation, and phytoremediation) have implemented the 
reasonable and practicable alternatives that will reduce the potential for future 
impacts to groundwater and surface water from 1,l-dichloroethene. Therefore, 
1 ,I-dichloroethene is not carried forward for further evaluation in the feasibility 
study because of its fate and transport characteristics. 
Primary migration process 
The migration of benzene from soil is associated with groundwater transport and 
discharge to surface water. 
Benzene surface water Quality at POCs 
Surface water concentrations of benzene are below the surface water standard in 
the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
An accelerated action was completed at the Present Landfill (cover constructed) 
as well as the installation of a seep collection and treatment system, where 
benzene is located in groundwater above the surface water standard. This action 
reduces infiltration and groundwater migration, thereby reducing the future 
potential impact on groundwater and surface water from benzene. 

Summary and Implications for Feasibility Study 
Benzene migration at RFETS is associated with groundwater transport and 
discharge to surface water as a seep at the Present Landfill. Surface water 
concentrations of benzene have historically been below the surface water standard 
at the terminal ponds. The accelerated action at the Present Landfill (seep 
treatment system) will reduce the potential for future impacts to surface water 
from benzene. Therefore, benzene is not carried forward for further evaluation in 
the feasibility study because of its fate and transport characteristics. 
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trachloride from soil is associated with groundwater 
IHSS 118.1). Carbon tetrachloride is also detected as an A01 in groundwater and surface water at 
the same location (see text below), indicating it is migrating from subsurface soil to other media. 
Carbon tetrachloride is observed in groundwater at concentrations above the surface water standard 
in several locations and drainages, including the historical IHSS 118.1, Mound, East Trenches, 903 
Pad, Ryan's Pit, and historical IHSS 119.1 areas. In addition, migration from groundwater to 
surface water is observed (see text below). 
Carbon tetrachloride is observed in surface water above the surface water standard, including 
downstream from the Mound site in the in South Walnut Creek drainage, indicating migration 
from groundwater into surface water is occurring. It is noted that in the terminal ponds (upstream 
from the surface water POCs), surface water concentrations of carbon tetrachloride are below the 
surface water standard. 

118.1). Carbon tetrachloride is also detected as an A01 in groundwater and surface water at the 
same location (see text below), indicating it is migrating from subsurface soil to other media. 
Chloroform is a biodegradation daughter product of carbon tetrachloride. Chloroform is detected 
in groundwater above the surface water standard at several locations where carbon tetrachloride is 
also detected (including the historical IHSS 118.1 site, MoundfOil Burn'Pit #2 site, East Trenches, 
903 Pad, and Ryan's Pit areas). . 
Locations with historic concentrations of chloroform above the surface water standard do not exist 
in the post-accelerated action configuration of the site (at footing drain outfalls for former 
Buildings 371 and 771). No other locations, including the detention ponds, have chloroform above 
the surface water standard. Therefore. based on current conditions. chloroform in surface water is 

transport and discharge to surface water. 
Carbon tetrachloride surface water Quality at POCs 
Surface water concentrations of carbon tetrachloride have historically been below 
the surface water standard in the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
Accelerated actions and enhancements have been completed at the primary 
locations where carbon tetrachloride has been detected in groundwater above the 
surface water standard. These actions and er+ancements include soil source 
removals, groundwater collection and treatment systems, enhanced 
biodegradation measures, and phytoremediation enhancements at the Mound, Oil 
Bum Pit #2, East Trenches, 903 Pad, Ryan's Pit, and historical IHSS 118.1 and 
119.1 sites. These actions reduce future sources, disrupt the groundwater to 
surface water pathway, and reduce future potential groundwater and surface water 
impacts from carbon tetrachloride. 

Summary and Implications for Feasibilitv Study 
Carbon tetrachloride migration at RFETS is associated with groundwater transport 
and discharge to surface water. Surface water concentrations of carbon 
tetrachloride have historically been below the surface water standard at the 
terminal ponds. Accelerated actions (including soil removal actions, groundwater 
collection and treatment systems, enhanced biodegradation, and 
phytoremediation) have implemented the reasonable and practicable alternatives 
that will reduce the potential for future impacts to groundwater and surface water 
from carbon tetrachloride. Therefore, carbon tetrachloride is not carried forward 
for further evaluation in the feasibility study because of its fate and transport 
characteristics. 
Primary migration process 
The migration of chloroform from soil is associated with groundwater transport 
and discharge to surface water. 
Chloroform surface water quality at POCs 
Surface water concentratiqns of chloroform have historically been below the 
surface water standard in the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
Accelerated actions have been completed at all the primary locations where 
chloroform has been detected in groundwater above the surface water standard 
(see carbon tetrachloride text regarding accelerated action). These actions reduce 
future potential groundwater and surface water impacts from chloroform. 

Summary and Implications for Feasibilitv Study 
Chloroform migration at W T S  is associated with groundwater transport and 
discharge to surface water. Surface water concentrations of chloroform have 
historically been below the surface water standard at the terminal ponds. 
Accelerated actions (including soil removal actions, groundwater collection and 
treatment systems, enhanced biodegradation, and phytoremediation) have 
implemented the reasonable and practicable alternatives that will reduce the 
nntential for future impacts to groundwater and surface water from chloroform. 
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Chloromethane is detected in groundwater above the surface water standard at several locations, in 
different watersheds (though less than 1 percent of groundwater samples are detected above the 
surface water standard). However, it is not an A01 in  surface water - it has not migrated to the 
extent where it is measured in surface water above the surface water standard. In the terminal 
ponds (upstream from the surface water POCs), surface water concentrations of chloromethane are 
below the surface water standard. Therefore, based on current conditions, chloromethane in 

IHSS 118.1). Methylene chloride is also detected as an A01 in groundwater at the same location 
(see text below), indicating it is migrating from subsurface soil to other media. Although 
methylene chloride is recognized as a lab contaminant that can lead to misleading “false-positive’’ 
results., its detection in groundwater and surface water in known areas with historic residual VOCs 
in soil and groundwater suggests that it is migrating to other media. Therefore, methylene chloride 
in subsurface soil is identified as a primary migration pathway at RFETS. 
Methylene chloride is a biodegradation daughter product of carbon tetrachloride. Methylene 
chloride is detected in groundwater above the surface water standard at two locations where carbon 
tetrachloride is also detected (the historical IHSS 118. I and Moundoil Bum Pit #2 areas). In the 
terminal ponds (upstream from the surface water POCs), surface water concentrations of 
methylene chloride are below the surface water standard. However, despite the localized, isolated 
occurrence of methylene chloride in groundwater, it is detected in surface water in South Walnut 
Creek, downgradient from the Oil Burn Pit#2/Mound Site area. Therefore, methylene chloride in 
eroundwater is identified as a Drimarv mimation Dathwav at RFETS. 
Based on the detection of methylene chloride in surface water in South Walnut Creek, 
downgradient from the Oil Bum P i t W o u n d  Site area, methylene chloride in surface water is 
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Therefore, chloroform is not carried forward for further evaluation in the 
feasibility study because of its fate and transport characteristics. 

Primary mimation process 
Chloromethane is an A01 in groundwater only. Its primary migration process 
from soil is associated with groundwater transport. 
Chloromethane surface water Quality at POCs 
Surface water concentrations of chloromethane are below the surface water 
standard in the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
Accelerated actions have been completed at several locations where 
chloromethane is detected in groundwater above the surface water standard. 
These actions include soil source removals, groundwater collection and treatment, 
enhanced biodegradation measures, and phytoremediation enhancements at the 
Mound, 903 Pad, and historical IHSS 118.1 sites. These actions reduce future 
sources, disrupt the groundwater to surface water pathway, and reduce future 
potential groundwater and surface water impacts from chloromethane. 

Summary and Implications for Feasibility Studv 
Chloromethane is an A01 in groundwater only. Surface water concentrations of 
chloromethane are below the surface water standard at the terminal ponds. 
Accelerated actions at several locations (including source removals, groundwater 
collection and treatment systems, enhanced biodegradation, and 
phytoremediation) have implemented the reasonable and practicable alternatives 
that will reduce future impacts. Therefore, chloromethane is not carried forward 
for further evaluation in the feasibility study because of its fate and transport 
characteristics. 
Primary migration process 
The migration of methylene chloride from soil is associated with groundwater 
transport and discharge to surface water. 
Methylene chloride surface water Quality at POCs 
Surface water concentrations of methylene chloride are below the surface water 
standard in the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
Accelerated actions have been completed at all the primary locations where 
methylene chloride has been detected in groundwater above the surface water 
standard. These actions include soil source removals, groundwater collection and 
treatment, enhanced biodegradation measures, and phytoremediation 
enhancements at the Moundoil Bum Pit #2 and historical IHSS 118.lsites. 
These actions reduce future potential groundwater and surface water impacts from 
carbon tetrachloride. 

Summary and Implications for Feasibility Studv 
Methylene chloride migration at RFETS is associated with groundwater transport 
and discharge to surface water. Surface water concentrations of methylene 
chloride are below the surface water standard at the terminal ponds. Accelerated 
actions at several locations (including source removals, groundwater collection 
and treatment systems, and enhanced biodegradation) have implemented the 
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oethene from soil is associated with groundwater 

Surface water concentrations of tetrachloroethene are below the surface water 

Accelerated actions have been completed at the main locations where 

Surface Water 

,~ 

I migration from groundwater to surface water is observed (see text below). 
1 Tetrachloroethene is observed in surface water above the surface water standard. including 

tetrachloroethene has been detected in groundwater above the surface water 
standard. These actions include soil source removals, groundwater collection and 

I 

downstream from the Mound site in the in South Walnut Creek drainage, indicating migration 
from groundwater into surface water is occurring. It is noted that in the terminal ponds (upstream 
from the surface water POCs), surface water concentrations of tetrachloroethene are below the 

Subsurface Soil I Yes I Trichloroethene is an A01 in subsurface soil based on its detection at two primary locations (East 
Trenches and Oil Bum Pit #2). Trichloroethene is also detected as an A01 in groundwater at these 
locations, plus several others (see text below), indicating it is migrating from subsurface soil to 
other media. 

I 

Ground water Y 
Surface Water , Trichloroethene is observed in groundwater at concentrations above the surface water standard in 

several locations and drainages, including the following primary areas: Historical IHSS 1 18.1, 
Mound, East Trenches, 903 Pad, Ryan’s Pit, and historical IHSS 119.1 areas. In addition, 
migration from groundwater to surface water is observed (see text below). 
Trichloroethene is observed in surface water above the surface water standard; primarily in South 
Walnut Creek, downstream from the Moundoil Bum Pit #2 sites, and downstream from the East 
Trenches, indicating migration from groundwater into surface water is occurring. It is noted that in 
the terminal ponds (upstream from the surface water POCs), surface water concentrations of 

treatment, enhanced biodegradation measures, and phytoremediation 
enhancements at the Mound, Oil Bum Pit #2, East Trenches, 903 Pad, Ryan’s Pit, 
PU&D Yard, and historical IHSS 118.1 and 119.1 sites. These actions reduce 
future sources, disrupt the groundwater to surface water pathway, and reduce 
future potential groundwater and surface water impacts from tetrachloroethene. 
Summary and Implications for Feasibility Study 
The migration of tetrachloroethene from soil is associated with groundwater 
transport . Surface water concentrations of tetrachloroethene have historically 
been below the surface water standard at the terminal ponds. Accelerated actions 
at the main locations with tetrachloroethene in groundwater (including source 
removals, groundwater collection and treatment systems, enhanced 
biodegradation, and phytoremediation) have implemented the reasonable and 
practicable alternatives that will reduce the potential for future impacts from 
tetrachloroethene. Therefore, tetrachloroethene is not carried forward for further 
evaluation in the feasibility study because of its fate and transport characteristics. 
Primary miaation process 
The migration of trichloroethene from soil is associated with groundwater 
transport and discharge to surface water. 
Trichloroethene surface water Quality at POCs 
Surface water concentrations of trichloroethene are below the surface water 
standard in the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
Accelerated actions have been completed at the main locations where 
trichloroethene has been detected in groundwater above the surface water standard 
(see discussion for tetrachloroethene above). These actions reduce future sources, 
disrupt the groundwater to surface water pathway, and reduce future potential 
groundwater and surface water impacts from trichloroethene. 

Summary and Implications for Feasibility Study 
The migration of trichloroethene from soil is associated with groundwater 
transport . Surface water concentrations of trichloroethene have historically been 
below the surface water standard at the terminal ponds. Accelerated actions at the 
main locations with trichloroethene in groundwater (including source removals, 
groundwater collection and treatment systems, enhanced biodegradation, and 
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1 detected as an A01 in groundwater or surface water. Therefore, based on current conditions, 
1.1.2.2-PCA in moundwater is not a Drimarv mimation Dathwav at RFETS. 

Yes Vinyl chloride is detected as an A01 in groundwater at isolated locations near Oil Bum Pit #1 and 
downgradient from the Mound Site. Although vinyl chloride readily degrades in an aerobic 
environment, and its extent is limited, it is also detected in surface water in South Walnut Creek. 
Therefore. vinvl chloride in moundwater is a Drimarv mieration Dathwav at RFETS. 

I. Yes Vinyl chloride is detected above the surface water standard at two locations in the South Walnut 
Creek watershed, suggesting migration from groundwater to surface water in the Oil Burn Pit 
#2/Mound Site area. Therefore, vinyl chloride in surface water is a primary migration pathway at 
FWETS . 

No Aluminum is above the WRW PRG in surface soil in the former IA, as well as in other watersheds 
(Rock Creek, Woman Creek, and Smart Ditch) that are not in the former IA watershed, thereby 
reflecting the natural abundance of aluminum in soil. Aluminum is an A01 in one other media 
(surface water, as discussed below), but links between residual aluminum in surface soil and 
aluminum in other media are not apparent. Therefore, aluminum in surface soil is not a primary 

No Surface water data indicate a sample result above the surface water standard in Pond A-4 (but 
below the background M2SD value). Because of the high relative background in surface soil 

phytoremediation) have implemented the reasonable and practicable alternatives 
that will reduce the potential for future impacts from trichloroethene. Therefore, 
trichloroethene is not carried forward for further evaluation in the feasibility study 
because of its fate and transport characteristics. 

Primary migration process 
The migration of 1,1,2,2-PCA from soil is associated with groundwater transport 
and discharge to surface water. 
1,1,2,2-PCA surface water quality at POCs 
Surface water concentrations of 1,1,2,2-PCA are below the surface water standard 
in the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
An accelerated action was completed at the historical IHSS 118.1 site (soil source 
removal and enhanced biddegradation). These actions reduce future potential 
impacts to groundwater and surface water from 1,1.2,2-PCA. 
Summary and Implications for Feasibility Study 
1,1,2,2-PCA migration at RFETS is associated with groundwater transport and 
discharge to surface water. Surface water concentrations of 1,1,2,2-PCA have 
historically been below the surface water standard at the terminal ponds. 
Accelerated actions at the historical IHSS 118.1 site (soil source removal and 
enhanced biodegradation) will reduce the potential for future impacts from 
1,1,2,2-PCA. Therefore, 1,1,2,2-PCA is not carried forward for further evaluation 
in the feasibility study. 
Primary migration process 
The migration of vinyl chloride from soil is associated with groundwater transport 
and discharge to surface water. 
Vinyl chloride surface water quality at POCs 
Surface water concentrations of vinyl chloride are below the surface water 
standard in the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
Accelerated actions have 6een implemented at the Oil Burn Pit W o u n d  Site 
(including soil removal actions and installation of a groundwater collection and 
treatment system). 
Summary and Implications for Feasibility Study 
The migration of vinyl chloride is associated with groundwater transport. Surface 
water concentrations of vinyl chloride are below the surface water standard at the 
terminal ponds. Therefore, vinyl chloride is not camed forward for further 
evaluation in the feasibility study because of its fate and transport characteristics. 
Primary migration process 
The dominant migration process for aluminum at RFETS is via runoff and erosion 
of surface soil with residual aluminum. 
Aluminum surface water quality at POCs 
Surface water concentrations of aluminum are below the surface water standard in 
the terminal ponds (upstream from the POCs), with the exception of Pond A-4, 
which has a sample result above the standard, but below background (M2SD). 
Effect of accelerated actions 
No specific accelerated actions taken for aluminum. However, removal of 
buildings and pavement has decreased runoff volumes and peak discharge rates, 
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Air 

Surface Soil 

on surface water. Improvement is based on the assumption that vegetation is 
established, soil is stabilized, and widespread soil disturbance does not occur in 
areas with residual aluminum in the soil. 

Summary and Implications for Feasibilitv Study 
The dominant migration process for aluminum at RFETS is -via runoff and erosion 
of surface soil. Surface water concentrations of aluminum are below the surface 
water standard in the terminal ponds (upstieam from the POCs), with the 
exception of Pond A-4, which is above the standard, but below background 
(MZSD). Reduced runoff and erosion should further benefit surface water quality. 
Therefore, aluminum is not carried forward for further evaluation in the feasibility 
study. 

Primary migration process 
The dominant migration process for antimony at RFETS is via runoff and erosion 
of surface soil with residual aluminum. 
Antimony surface water Quality at POCs 
Surface water concentrations of antimony are below the surface water standard in 
the terminal ponds (upstream from the POCs) 
Effect of accelerated actions 
No specific accelerated actions taken for antimony. However, removal of 
buildings and pavement has decreased runoff volumes and peak discharge rates, 
which will reduce soil erosion, with associated antimony transport in surface 
water. Improvement is based on the assumption that vegetation is established, soil 
is stabilized, and widespread soil disturbance does not occur in areas with residual 
antimony in the soil. i 

SID from the 600 area. This sediment location is not co-located with surface water results above 
the surface water standard. Therefore, antimony in sediment is not a primary migration pathway at 

areas outside of the former IA, thereby reflecting the natural abundance of arsenic in soil. 
Although arsenic is an A01 in other media, suggesting migration from soil to other media, based 
on the elevated background concentrations in soil, arsenic in surface soil is not a primary migration 

Summary and Implications for Feasibility Study 
The dominant migration process for antimony at RFETS is via runoff and erosion 
of surface soil. Surface water concentrations of antimony are below the surface 
water standard in the terminal ponds (upstream from the POCs). Reduced runoff 
and erosion should further benefit surface water quality. Therefore, antimony is 
not carried forward for further evaluation in the feasibilitv studv. 
Primary migration process 
The dominant migration process for arsenic at RFETS is via runoff and erosion of 
surface soil with residual arsenic. 
Arsenic surface water quality at POCs 
Surface water concentrations of arsenic are below the surface water standard in 
the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
No specific accelerated actions taken for arsenic. However, removal of buildings 
and pavement has decreased runoff volumes and peak discharge rates, which will 
reduce soil erosion, with associated arsenic transport in surface water. 
Improvement is based on the assumption that vegetation is established, soil is 
stabilized, and widespread soil disturbance does not occur in areas with residual 
arsenic in the soil. 

low relative subsurface, 
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via runoff and erosion of 
below the surface water 

carried forward for further evaluation in the feasibility study because of its fate 

ocess for beryllium at RFETS is via runoff and erosion 

Beryllium surface water quality at POCs 
Surface water concentrations of beryllium are below the surface water standard in 
the terminal ponds (upstream from the POCs). 
Effect of accelerated actions the western Woman Creek 

1 other most recent post-1999 

transport in surface water. Improvement is based on the assumption that 
vegetation is established, soil is stabilized, and widespread soil disturbance does 
not occur in areas with residual beryllium in the soil. 

Summary and Implications for Feasibility Study 
The dominant migration process for beryllium at RFETS is via runoff and erosion 

Surface water concentrations of chromium are below the surface water standard in 
the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
No specific accelerated actionstaken for chromium. However, removal of 
buildings and pavement has decreased runoff volumes and peak discharge rates, 

subsurface, though Cr(V1) may remain dissolved as the chromate ion and can remain mobile under 
oxidizing conditions. Chromium in the subsurface appears to be migrating to groundwater in 
limited areas, based on groundwater concentrations (see below). 
Chromium is an A01 in groundwater, but it is not detected above its resDective surface water Groundwater No 

Y 

standard at the AOC wells. It is detected above the surface water standkd at one Sentinel well in 
South Walnut Creek (well 95099). However, there is not an apparent migration pathway from 
groundwater to surface water (based on no surface water locations co-located with elevated 
chromium in groundwater). 
Chromium is observed in surface water above the surface water standard in multiple locations, 
indicating migration from surface soil into surface water is occurring. In the terminal ponds 
(upstream from the surface water POCs), chromium concentrations are below. the surface water 

which will reduce soil erosion, with associated chromium transport in surface 
water. Improvement is based on the assumption that vegetation is established, soil 
is stabilized, and widespread soil disturbance does not occur in areas with residual 
chromium in the soil. 
Summary and Implications for Feasibilitv Study 
The dominant migration process for chromium at RFETS is via runoff and erosion 
of surface Soil. Surface water concentrations of chromium are below the surface 
water standard in the terminal ponds (upstream from the POCs). Reduced runoff 
and erosion should further benefit surface water quality. Therefore, chromium is 
not carried forward for further evaluation in the feasibility study because of its 

ristics. 
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(metal) 

Silver 

(metal) 

water aualitv at POCs 
Surface water concentrations of lead are below the surface water standard in the 
terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
An accelerated action was taken for lead at the Firing Range locations in the 

k basin. Although that action may not directly benefit surface water 
oved a source term. Removal of buildings and pavement has 

decreased runoff volumes and peak discharge rates, which will reduce soil 
erosion, with associated lead transport insurface water. Improvement is based on 
the assumption that vegetation is established and soil is stabilized. 
Summarv and Implications for Feasibility Study 
The dominant migration process for lead at RFETS is via runoff and erosion of 
surface soil. Surface water concentrations of lead are below the surface water 
standard in the terminal ponds (upstream from the POCs). Reduced runoff and 
erosion in the post-accelerated site condition should further benefit surface water 
quality. Therefore, lead is not carried forward for further evaluation in the 
feasibility study. 

Groundwater is the dominant migration process for nickel at RFETS. 

Surface water concentrations of nickel are below the surface water standard in the 
terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
No specific accelerated actions taken for nickel. However, removal of buildings 
and pavement has decreased runoff volumes and peak discharge rates, which will 
reduce soil erosion, with associated nickel transport in surface water. 
Summary and Implications for Feasibility Studv 
The dominant migration process for nickel at RFETS is via groundwater transport 
Surface water concentrations of nickel are below the surface water standard in the 
terminal ponds (upstream from the POCs). Therefore, nickel is not carried 
forward for further evaluation in the feasibility study because of its fate and 
transport characteristics. 
Primary mimation process 
The dominant migration process for silver at RFETS is via dissolved and 
particulate transport, though silver is not an A01 in groundwater or surface water. 
Silver surface water Quality at POCs 

I Sediment 
Air 

Surface Soil Primary mimation process 
Subsurface Soil 

Groundwater No 1 Nickel (dissolved and total) is detected as an A01 in groundwater in isolated locations. Migration I Nickel surface at pots I- 

. 

. ,  

to surface water at concentrations above the surface water standard is limited. Therefore, nickel in 
groundwater is not a primary migration pathway at FSETS. 
The two locations with nickel above the surface water standard are isolated in the former IA, and 
are not co-located with elevated nickel in groundwater. Surface water concentrations in all the 

Surface Water No 

No Silver is an A01 in sediment only. The A01 designation is based on one sampling location, in 
Pond B-4. Based on the limited extent of silver in sediment, and the absence of detections above 
the surface water standard. silver in sediment is not a Drimarv Dathwav at RFETS. 
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Surface water concentratiqns of silver are below the surface water standard in the 
terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
No specific accelerated actions taken for silver. However, removal of buildings 
and pavement has decreased runoff volumes and peak discharge rates, which will 
reduce soil erosion, with associated silver transport in surface water. 
Summary and Implications for Feasibility Study 
Silver is an A01 in sediment only. No apparent migration has occurred to impact 



. -  

Table 7.11 
Integrated Pathway Analvsis - Summary Table 

Vanadium 

[metal) 

Zinc 

(metal) 

I surface water above the surface water standard, thallium in sediment is not a primary pathway at I D m T C  

and PU&D Yard). Migration to other media is not apparent - vanadium is not detected in other 
media as an AOI. Therefore, vanadium in surface soil is not a primary migration pathway at I 

above the surface water standard. Zinc can be transported in both dissolved and particulate forms 
in surface water, though concentrations are below the surface water standard in all of the terminal 
ponds (upstream from the surface water POCs). Therefore, zinc is not a primary migration 

buildings and pavement has decreased runoff volumes and peak discharge rates, 
which will reduce soil erosion, with associated thallium transport in surface water. 
Summary and Implications for Feasibility Study 
Thallium is an A01 in sediment only. No apparent migration has occurred to 
impact surface water quality relative to the surface water standard. Therefore, 
thallium is not carried forward for further evaluation in the feasibility study. 
Primary mimation process 
The dominant migration process for vanadium at RFETS is via runoff and erosion 
of surface soil, though vanadium is not an A01 in surface water. 
Vanadium surface water quality at POCs 
Surface water concentrations of vanadium are below the surface water standard in 
the terminal ponds (upstream from the POCs) 
Effect of accelerated actions 
No specific accelerated actions taken for vanadium. However, removal of 
buildings and pavement has decreased runoff volumes and peak discharge rates, 
which will reduce soil erosion, with associated vanadium transport in surface 
water. 
Summary and Implications for Feasibilitv Study 
The dominant migration process for vanadium at RFETS is via runoff and erosion 
of surface soil. Surface water concentrations of vanadium are below the surface 
water standard in the terminal ponds (upstream from the POCs). Therefore, 
vanadium is not carried forward for further evaluation in the feasibility study. 
Primary mimation Drocess 
The dominant migration process for zinc at RFETS is viaboth runoff and erosion, 
though zinc can also be transported in dissolved form 
Zinc surface water quality at POCs 
Surface water concentrations of zinc are below the surface water standard in the 
terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
No specific accelerated actions taken for zinc. However, removal of buildings 
and pavement has decreased runoff volumes and peak discharge rates, which will 
reduce soil erosion, with associated zinc transport in surface water. 
Summary and Implications for Feasibility Study 
The dominant migration process for nickel at RFETS is via runoff and erosion of 
surface soil. Surface water concentrations of zinc are below the surface water 
standard in the terminal ponds (upstream from the POCs). Therefore, zinc is not 
carried forward for further evaluation in the feasibility study. 
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Benzo(a)pyrene 

(SVOC) 

Dibenz(a,h)anthracene 

(SVOC) 

Aroclor- 1254 

IPCB) 

Table 7.11 
Integrated Pathway Analysis - Summary Table 

Subsurface Soil 1 
No I Sediment 

as at the Present Landfill. Although benzo(a)pyrene is detected in subsurface soil and sediment 
(see below), it is not an A01 in surface water. Migration of benzo(a)pyrene from surface soil is not 

The dominant migration process for benzo(a)pyrene at RFETS is via runoff and 
erosion of surface soil. 

a primary migration pathway at RFETS. Benzo(a)pyrene surface water quality at POCs I Surface water concentrations of benzo(a)pyrene are below the surface water 
standard in the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
No specific accelerated actions taken for benzo(a)pyrene. However, removal of 
buildings and pavement has decreased runoff volumes and peak discharge rates, 
which will reduce soil erosion, with associated benzo(a)pyrene transport in 
surface water 

Benzo(a)pyrene is detected in subsurface soil above the WRW PRG in isolated locations across the 
former IA. However, it is not an A01 in groundwater, which is expected, since the solubility and 
subsurface mobility of high molecular weight polycyclic aromatic hydrocarbons (PAHs), such as 
benzo(a)pyrene, is limited. Therefore, migration of benzo(a)pyrene from subsurface soil is not a 
Drimarv mimation Dathwav at RFETS. 

Summarv and Implications for Feasibilitv Studv 
The dominant migration process for benzo(a)pyrene at RFETS is via runoff and 

Although detected in sediment, it is not an A01 in  surface water. Migration of benzo(a)pyrene erosion of surface soil, though benzo(a)pyrene is not an A01 in surface water. 
Surface water concentrations of benzo(a)pyrene are below the surface water 
standard in the terminal ponds (upstream from the POCs). Therefore, 

Y migration pathway at RFETS. 

benzo(a)pyrene is not carried forward for further evaluation in the feasibility 

Primary migration process rface soil above the WRW PR 
throughout the former IA. It is not a groundwater AOI, as expected (the solubility and subsurface 
mobility of high molecular weight PAHs is limited). Although detected in surface soil, it is not an 
A01 in surface water. Migration of dibenz(a,h)anthracene from surface soil is not a primary 
migration pathway at RFETS. 

Benzo(a)pyrene is detected in subsurface soil above the WRW PRG in isolated locations across the 
former IA. However, it is not an A01 in groundwater, which is expected, since the solubility and 
subsurface mobility of high molecular weight polycyclic aromatic hydrocarbons (PAHs), such as 
benzo(a)pyrene, is limited. Therefore, migration of benzo(a)pyrene from subsurface soil is not a 

The dominant migration process for dibenz(a,h)anthracene at RFETS is via runoff 
and erosion of surface soil. 
Dibenz(a,h)anthracene surface water quality at POCs 
Surface water concentrations of dibenz(a,h)anthracene are below the surface water 
standard in the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
No specific accelerated actions taken for dibenz(a,h)anthracene. Removal of 
buildings and pavement has decreased runoff volumes and peak discharge rates, 
which will reduce soil erosion, with associated benzo(a)pyrene transport in 
surface water. 
Summary and Implications for Feasibilitv Studv 
The dominant migration process for dibenz(a,h)anthracene at RFETS is via runoff 
and erosion of surface soil, though dibenz(a,h)anthracene is not an A01 in surface 
water. Surface water concentrations of dibenz(a,h)anthracene are below the 
surface water standard in the terminal ponds (upstream from the POCs). 
Therefore, dibenz(a,h)anthracene is not carried forward for further evaluation in 
the feasibility study. 

I 

process for PCB-1254 at RFETS is via runoff and 
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Aroclor-1260 

(PCB) 

2,3,7,8-TCDD TEQ 

(Dioxin) 

Table 7.11 
Integrated Pathway Analysis - Summary Table 

Surface Soil 

_ _ _ ~ ~ ~  I No 

Subsurface Soil No 

PCB-1260 is an A01 in surface and subsurface soil only, at isolated locations distributed 
throughout the former IA. Its lack of vertical migration is expected as PCBs are highly insoluble 
and sorb strongly to soil. PCB-1260 migration from surface soil is not a primary migration 
pathway at RFETS. 
PCB-1260 is an A01 in subsurface soil at a location in the 700 area of the IA. Its lack of migration 
to groundwater is expected as PCBs are highly insoluble and sorb strongly to soil. PCB-1260 

Primary migration process 
The dominant migration process for PCB-1260 at RFETS is via runoff and 
erosion of surface soil. 
PCB-1260 surface water quality at POCs 
Surface water concentrations of PCB-1260 are below the surface water standard . 
in the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
See discussion above for PCB-1254. 
Summary and Implications for Feasibility Studv 
The dominant migration process for PCB-1260 at RFETS is via runoff and 
erosion of surface soil, though PCB-1260 is not an A01 in surface water. Surface 
water concentrations of PCB-1260 are below the surface water standard in the 
terminal ponds (upstream from the POCs). Therefore, PCB-1260 is not carried 
forward for further evaluation in the feasibilitv studv. 

2,3,7,8-TCD is an A01 in surface soil only. Its lack of vertical migration is expected as dioxins are 
characterized by low solubility and sorb strongly to soil. 2,3,7,8-TCD in surface soil is not a 

Primary mimation process 

erosion of surface soil. 
2,3,7.8-TCD surface water Quality at POCs 
Surface water concentrations of 2,3,7,8-TCD are below the surface water standard 
in the terminal ponds (upstream from the POCs). 
Effect of accelerated actions 
No accelerated actions taken for 2,3,7,8-TCD. However, decreased runoff 
volumes and peak discharge rates (caused by removing buildings and pavement), 
with corresponding reduced soil erosion, should reduce 2,3,7,8-TCD transport in 
surface water. 
Summary and Implications for Feasibilitv Study 
The dominant migration process for PCB-1260 at RFETS is via runoff and 
erosion of surface soil, though PCB-1260 is not an A01 in surface water. Surface 
water concentrations of PCB-I260 are below the surface water standard in the 
terminal ponds (upstream from the POCs). Therefore, PCB-1260 is not carried 
forward for further evaluation in the feasibility study. 

1 The dominant migration process for 2,3,7,8-TCD at RFETS is via runoff and I No I Surface Soil 
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Table 7.11 
Integrated Pathway Analysis - Summary Table 

Fluoride 

(water quality 
parameter) 

Nitratmitrite (as N) 

(water quality 
parameter) 

Groundwater 1 No Fluoride is an A 0 1  in groundwater only, with e elevated concentrations of fluoride in groundwater 
focused at the SEPs, historical IHSS 119.1, and east of the resent Landfill. Migration from 
groundwater to surface water is not indicated by the data. Fluoride in groundwater is not a primary 

Groundwater Yes The primary location with residual nitratehitrite in groundwater is in the SEP plume, which is 
intercepted by the SEP groundwater collection and treatment system upgradient from North 
Walnut Creek. Nitrate plumes also exist at the 903 Pad and historical IHSS 119.1 areas. 
Migration of nitrate from groundwater to surface water is detected in North Walnut Creek (see 
surface water text helnwl. 
Nitrate is detected in surface water above the surface water standard at several locations in North I Walnut Creek. However, the most recent result at Pond A-4 (the terminal pond in North Walnut 

' Yes I Surface Water 

DENIED3200501 I .DOC 17 of 17 

Primary migration process 
The dominant migration processes for fluoride at RFETS is groundwater 
transport. 
Fluoride surface water clualitv at POCs 
Surface water concentrations of fluoride are below the'surface water standard in 
the terminal ponds, except for in Pond A-4. 
Effect of accelerated actions 
The goundwater collection and treatment system downgradient from the SEPs 
would not be expected to have a significant effect in terms of removing fluoride 
from groundwater 

Summary and Imdications for Feasibilitv Study 
The dominant migration process for fluoride at RFETS is groundwater transport. 
Surface water concentrations of fluoride are below the surface water standard at 
the terminal ponds. Therefore, fluoride is not carried forward for further 
evaluation in the feasibility study because of its fate and transport characteristics. 

Primary migration process 
The dominant migration process for nitratehitrite at RFETS is groundwater 
transport to surface water. 
Nitratehitrite surface water quality at POCs 
Surface water concentrations of nitratehitrite are below the surface water standard 
in the terminal ponds. 
Effect of accelerated actions 
The groundwater collection and treatment system downgradient from the SEPs 
captures nitratehitrite, reducing its potential impact on surface water quality in 
North Walnut Creek. Phytoremediation enhancements will further benefit 
groundwater and surface water quality. 

Summarv and Implications for Feasibilitv Studv 
The dominant migration process for nitratdnitrite at RFETS is groundwater 
transport to surface water.: Surface water concentrations of nitratdnitrite are 
below the surface water standard at the terminal ponds. Accelerated actions for 
the SEP nitrate plume will reduce potential future impacts on groundwater and 
surface water quality. Therefore, nitratehitrite is not carried forward for further 
evaluation in the feasibility study because of its fate and transport characteristics. 
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Figure 7.1 
General Conceptual Model - Fate and Transport of Contaminants at WETS - 
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Figure 7.2 
Sorption Parameters for Uranium Compiled by EPA (1999) 

2 3 4 5 6 7 8 9 10 11 

PH 

Open triangles indicate quartz as the sorbent, open squares indicate ferrihydrite, and open circles indicate kaolinite. 
Filled circles indicate all other sorbents, soils, sediments, rocks, and so forth. The dashed and solid curved lines are 
various limiting estimates discussed by EPA (1999, p. 19). 



Figure 7.3 
Groundwater - Conceptual Model of Contaminant Fate and Transport Processes 
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Figure 7.5 

Benzene 
UHSU Groundwater 

Areal Extent 
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Detected concentration <= surface water 
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0 Not applicable 

0 Not detected 
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>= SW standard 

Note: 
The areal extent of groundwater contamination presented 
on this flgure is based on an interpretation of measured 
data presented in the Nature and Extent of Groundwater 
Contamination (Section 4.0). 
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Figure 7.6 

Carbon Tetrachloride 
UHSU Groundwater 
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Note: 
The areal extent of groundwater contamination presented 
on this figure is based on an interpretation of measured 
data presented in the Nature and Extent of Groundwater 
Contamination (Section 4.0). 
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Figure 7.7 

Chloroform 
UHSU Groundwater 

Areal Extent 

KEY 
0 Sample collected since January 1, 2000 

Sample collected between 
January 1,1995 and December 31,1999 

A Sample collected between 
June 28, 1991 and December 31, 1994 

0 Concentration =. lOOx MCL 

0 

0 

Concentration > MCL and <= lOOx MCL 

Concentration > surface water standard and 
<= MCL 

Detected concentration <= surface water 
standard 

0 Not applicable 

0 Not detected 

>= lOOx MCL 

>= SW standard 

Note: 
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on this figure is based on an interpretation of measured 
data presented in the Nature and Extent of Groundwater 
Contamination (Section 4.0). 
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Figure 7.8 
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Figure 7.9 
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Surface Water Plutonium-239/240 - Annual Volume-Weighted Concentrations 
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Figure 7.27 
Surface Water Americium-241 - Annual Volume-Weighted Concentrations 
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Figure 7.28 
Surface Water Uranium - Annual Volume-Weighted Concentrations 
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Figure 7.29 
Carbon Tetrachloride in Surface Water - SW061 Time-Series Plot 
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Figure 7.30 
Tetrachloroethene in Surface Water - SW061 Time-Series Plot 



Figure 7.31 
Trichloroethene in Surface Water - Locations B4INF, SW056, SW061, SWB204 
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Figure 7.32 
Chromium in Surface Water - GS40 Time-Series Plot 



Figure 7.33 
Chromium in Surface Water - GS55 Time-Series Plot 
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Figure 7.35 
2004 WETS Wind Rose 
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1.0 PHYSICAL TRANSPORT PROCESSES 

1.1 Erosion - Water 

Soil erosion occurs when precipitation exceeds the infiltration capacity and surface 
storage capacity of the surface soil, creating overland flow that entrains soil particles and 
carries them down slope (Dreicer et al. 1984; Kidwell et al. 1997). Snowmelt runoff 
usually occurs more slowly than rainfall. However, if the soil is frozen and temperatures 
become high, then large amounts of runoff may occur rapidly. Both rain and runoff from 
snowmelt have the potential to transport soil across the Rocky Flats Environmental 
Technology Site (RFETS or site) landscape. Storm events with hail can potentially 
accelerate erosion processes. Movement of soil particles, along with associated 
contaminants bound to the soil, such as plutonium-239/240, americium-241 , or 
chromium, can cause migration of the contamination. 

There are two basic forms of overland flow that cause erosion of surface soil: rill flow 
and interrill (sheet) flow. A rill is an area on the soil surface that supports concentrated 
flow. A rill can be thought of as a microchannel. Concentrated rill flow is the flow of 
runoff in these micro-channels. Both soil and plant growth characteristics contribute to 
the morphology of rills. Most of the erosion that occurs in rills is due to the energy of the 
flowing water (Lane et al. 1987). Erosion between rills, interrill flow, is less obvious 
than that' due to rill flow, with water running over the soil surface in a diffuse sheet. 
Much of the energy for detachment of soil particles for transport by intenill flow comes 
from raindrop impact, although the proportions of detachment due to rainfall impact and 
surface flow depend on other factors, including slope, cover, and soil type (Ellison 1947; 
Kinnell 1985; Quansah 1985). 

' 

0 

Many physical and biological factors affect soil erosion and sediment yield on rangeland 
watersheds. The susceptibility of a soil to erosion is controlled by soil characteristics, 
soil cover, and hillslope steepness. Soil characteristics affecting erodibility include 
hydraulic conductivity (rate of infiltration), surface roughness, soil texture, bulk density, 
soil organic matter content, and the degree and stability of soil aggregation (Weltz et al. 
1998; Gutierrez and Hernandez 1996; Simaton et al. 1991; Dadkah and Gifford 1980; 
Blackbum 1975). Factors effecting erosion of the soil cover include the amount of plant 
cover, rock cover, and biomass. At RFETS, dense vegetation, which creates a large . 
amount of soil cover in the Walnut and Woman Creek watersheds, provides protection 
against erosion. Areas with less cover and unpaved roads are interspersed throughout the 
watersheds; these areas account for much of the soil erosion occurring at the site. 

In addition to overland flow, channel flow also can cause erosion and its associated 
transport of particulate, colloidal, and dissolved constituents'. Precipitation runoff and 

' A general operational definition for particles, colloids, and dissolved phase constituents, based on size, is: 
(a) particles are larger than 0.1 micron in diameter; (b) colloids are approximately 0.1 micron to 0.001 
micron in diameter; and (c) dissolved is less than 0.001 micron in diameter. 

0 
1 
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releases from the detention ponds cause turbulent flows in channels that are capable of 
resuspending and transporting streambed sediments. 

Factors that affect particulate mobility in surface water streamflow include: 

Stream bed composition; 

In-stream vegetation, such as cattails, that can physically filter out the 
particulates; and 

Diversion dams or other physical barriers that slow surface flow and enhance 
particle settling. 

Particulate transport occurs through combinations of the above processes and not any 
single mechanism. The results of the watershed erosion and sediment transport modeling 
conducted for the Actinide Migration Evaluation (AME) indicated that specific soil 
erosion and runoff controls will be needed to protect surface water quality. In addition, 
removal of buildings and pavement has decreased runoff volumes and peak discharge 
rates, which will reduce soil erosion, with its associated plutonium and americium 
transport and impact on surface water and sediment. Improvement is based on the 
assumption that vegetation is established, soil is stabilized, and widespread soil 
disturbance does not occur in areas with residual plutonium and americium in the soil. 

1.2 Erosion - Wind 

Wind acting on the soil surface and vegetation entrains and resuspends contaminated 
particles. Airborne particles are transported some distance downwind before being 
deposited on the ground or in water by a variety of mechanisms that remove particles 
from the air, such as rainout or dry deposition. Over time, repeated cycles of 
resuspension and redeposition have spread the initial contamination in a downwind 
direction; this process will continue to affect and redistribute remnant surface soil 
contamination. 

Ongoing contaminant resuspension at FWETS is episodic in nature and influenced 
primarily by meteorological variables (wind speed and rainfall), soil properties (moisture 
level, and particle size and density), and surface characteristics (density and type of 
vegetative growth and presence or absence of snow cover). In a vegetated area, a 
primary source of contaminated soil resuspension is likely to be the dust-laden vegetation 
and litter, with less potential for direct resuspension from soil surfaces except during 
high-wind events. 

c 

As wind speed increases, soil particulate resuspension increases in a nonlinear fashion. 
Some types of surfaces have been shown to have a definite threshold for initiation of 
wind erosion; wind erosion does not occur until winds exceed this threshold velocity. 
Wind tunnel studies at RFETS, however, have not demonstrated a definite threshold for 
wind erosion, although erosion has been shown to increase rapidly when winds at 10- 
meter (m) height increase above approximately 40 miles per hour (mph) (MRI 2001). 

2 



RCRA Faciliq Investigation-Remedial Investigation/ 
Corrective Measures Study- Feasibility Study Report 

Section 7.0 -Attachment I 
Physical, Chemical, and Biological Processes 

that Influence Contaminant Transport 
and Persistence in the Environment 

Below those speeds, resuspension of soil occurs but at a very low rate. This lack of a 
definite threshold for initiation of wind erosion occurs because there are multiple 
contributors to wind-generated particulate matter emissions: (1)  bulk soil; (2) settled 
surface dust trapped by vegetation; and (3) the vegetation itself. The particle releases 
from these sources are all driven by different mechanisms, each with a different wind 
speed dependence. 

Wind erosion also varies seasonally because of differences in soil moisture levels, 
changes in vegetation cover, and variations in wind speed. Moist soil and snow cover are 
effective in limiting resuspension. Growing vegetation may have a more complicated 
effect by decreasing erosion from the soil surface, while providing an enhanced source of 
erodible particles on the leaf surfaces. Wind erosion of undisturbed, vegetated areas 
occurs at a low rate. However, any activity that disturbs the soil or removes the covering 
vegetation would increase emissions for a period of time. Such activities might include 
vehicle traffic or fires; the magnitude of the increase would depend on the frequency of 
disturbance and whether or not the disturbance is followed by high winds before the soil 
crusts or the vegetation is restored. 

As stated earlier, in a vegetated area, a primary source of contaminated soil resuspension 
is likely to be the dust-laden vegetation and litter, with less potential for direct 
resuspension from soil surfaces except during high-wind events. Higher winds are more 
effective in causing resuspension of particles; however, it is important to note that total 
airborne soil and radionuclide emissions are ultimately limited by the available reservoir 
of erodible particles on the soil or leaves. A high-wind event will rapidly deplete the 
erodible particles. The first few minutes of high winds may result in significant airborne 
emissions but the emission rate will decrease with time as fewer. and fewer erodible 
particles remain. Sustained windy periods will not result in further emissions until the 
erosion potential is replenished by deposition or by other factors that generate erodible 
particles (such as freezehhaw cycles, rainsplash, animal activity, and so forth). 

Once released into the air, particles of soil with attached radionuclides are transported 
away from source areas by the wind (dispersion). Concentrations of airborne 
radionuclides will generally be higher closer to the source areas; the contaminant 
concentrations become diluted as they are transported downwind. During transport, 
particles are brought down to the surface through the combined processes of turbulent 
diffusion and gravitational settling. Once near the surface, they may be removed from 
the atmosphere and deposited on soil or water surfaces (deposition). 

0 

The distance a particle travels before being deposited depends on the particle’s size and 
density. Larger, denser particles are deposited closer to the source, while very small 
particles may remain suspended and be carried much farther downwind. 

The concentration and deposition of radionuclides in the FWETS environment depends on 
the local patterns of wind flow. Figure 7.35 (in Section 7 figures) shows a joint 
frequency distribution of wind speed and direction (wind rose) for a representative year. 
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The figure shows that prevailing winds occur from the northwest quadrant, but that winds 
from other directions also occur, with reduced frequency. 

More importantly, the figure shows that higher-speed winds occur almost exclusively 
from the northwest quadrant. This is significant because wind erosion emissions are a 
function of wind speed; larger amounts of soil aie resuspended by high winds than by 
lower-speed winds. The higher-speed winds are also more effective at transporting 
particles away from source areas (further downwind), where many of these particles will 
be redeposited as wind speeds decrease. Finally, wind speed influences the range of 
particle sizes emitted and transported. Higher-speed winds are capable of resuspending 
and transporting larger particles than lighter winds. 

1.3 ' Sediment Transport 

Sediment transport is an important mechanism for migration of constituents associated 
with solids. Contaminants with high partition coefficients will preferentially sorb on to 
suspended solids in the water column, which are then transported along with the solids in 
the bulk advective flow. In addition to advective transport of contaminants in the water 
column, contaminants sorbed to particles in the sediments can be resuspended by channel 
scour mechanisms. 

In locations where the surface water velocity is reduced because of either natural or 
constructed features, such as in broad, natural channels or in constructed detention ponds, 
the features act to settle out particulate matter suspended in the water column. Water 
quality data for pond effluent compared with data for stormwater inflows supports this 
conclusion by indicating a significant reduction in total suspended solids (TSS) 
downgradient from the ponds. 

In general, sediment transport in the RFETS closure configuration will be reduced 
compared with the historic developed condition, because the elimination of buildings and 
pavement will result in diminished runoff and reduced peak flow rates during storm 
events, when the majority of sediment transport occurs. In addition, vegetative cover 
over previously exposed soil areas will also promote reduced deposition and migration of 
sediments. 

1.4 Advection 

Advection Is the most important transport process driving contaminant migration in the 
subsurface. Solute transport by advection (acting alone) would carry an aqueous 
(dissolved) groundwater contaminant downgradient at a velocity that is directly 
proportional to the hydraulic gradient and to the hydraulic conductivity of the'porous 
medium. Ignoring other processes, advective transport from a continuous source would 
produce a plume with a sharp concentration front. Upgradient of the solute front the A01 
concentration would be the same as that at the source area. Downgradient of the front, 
the A01 concentration is zero. In nature, an advancing plume front is actually spread out 
by the additional processes of dispersion and diffusion. Furthermore, transport of an 
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analyte of interest (AOI) is retarded by biodegradation and abiotic chemical reactions, as 
well as by sorption to the porous medium. 

1.5 Dispersion 

Hydrodynamic dispersion is the process that spreads out a contaminant plume in three 
dimensions: parallel to the direction of migration (longitudinal), laterally (transverse), 
and vertically. The underlying processes are mechanical dispersion and molecular 
diffusion. Mechanical dispersion is the most important at ordinary groundwater 
velocities, and its magnitude is directly proportional to groundwater velocity and 
dispersivi ty . 

Dispersion is a mixing process caused by local variations in groundwater velocity and 
direction due to heterogeneities in the porous medium at microscopic to megascopic 
scales. The result of.dispersion is spreading and mixing at the plume edges. This causes 
the plume front to grade from zero concentration at its downgradient leading edge with 
successively increasing concentrations upgradient of the edge. 

1.6 Colloidal Transport 

It is generally accepted that a fraction of soil particles are mobile as colloidal particles 
(diameter less than 0.1 micron), and soil colloids may transport contaminants in both the 
vadose zone and in groundwater (de Jonge et al. 2004; Ranville et al. 2005). The size 
distribution, particle shapes, mineralogy, and surface chemistry are known to influence 
colloid transport and deposition (Ranville et al. 2005). Colloidal transport of 
contaminants through soil and groundwater is an active area of research. 

1.7 Recharge and Dilution 

Dilution reduces contaminant concentrations as groundwater recharge (infiltration) adds 
uncontaminated water to the contaminated groundwater system. The most common 
causes of dilution are infiltration of precipitation and leakage of surface water to a 
shallow water table aquifer. However, mixing of groundwater from different sources or 
lithologies may also lead to dilution. 

1.8 Discharge 

Discharge occurs where the water table intersects the ground surface at a seep, spring, or 
stream. Groundwater discharge is a pathway to surface water in streams, ponds, springs, 
and seeps and may directly transport contaminants from groundwater to surface water. 

1.9 NAPL Migration 

Dense solvents (such as tetrachloroethene, trichloroethene, and carbon tetrachloride) may 
pool on impermeable sediments or bedrock to form a separate phase called dense non- 
aqueous phase liquids (NAPLs) (DNAPLs): DNAPLs sometimes move (migrate) under 0 



RCRA Facility Investigation-Remedial Investigation/ 
Corrective Measures Study-Feasibility Study Report 

Section 7.0 - Attachment I 
Physical, Chemical, and Biological Processes 

that Influence Contaminant Transport 
and Persistence in the Environment 

the action of gravity at different velocities and sometimes in different directions relative 
to associated groundwater (Figure A1.1). Capillary forces may retain residual pockets of 
DNAPL at various depths in the porous medium (subsoil). DNAPLs have been identified 
and remediated down to the Upper Hydrostratigraphic Unit (UHSU) water table by soil 
excavation at m S  Individual Hazardous Substance Site (MSS) 11 8.1, at Oil Bum Pits 
#I  and #2, and in some of the East Trenches (T-3 and T-4). 

Fuels with a density less than that of water and low solubility in water, may float as a thin 
layer on top of the groundwater table. Such chemicals are called light non-aqueous phase 
liquids (LNAPLs). LNAPLs may also migrate at different rates than the underlying 
groundwater. No LNAPLs of substantial extent have been identified at RFETS. Bunker 
oil found in subsurface soils at the Steam Plant might have formed an LNAPL if 
groundwater had been present. Thus NAPL migration is not believed to be a significant 
contaminant pathway at RFETS, although residual DNAPL may provide a long-term 
contaminant source supplying volatile organic compound (VOC) plumes in site 
groundwater. 

1.10 Volatilization 

Some chemicals readily volatilize from shallow or discharging groundwater to air. 
Volatilization is a nondestructive attenuation mechanism that removes contaminant mass 
from groundwater. The degree of volatilization of a chemical from water depends on its 
vapor pressure and its water solubility (Howard 1989). Henry’s Law describes the 
partitioning of a contaminant between the aqueous phase and the gaseous phase. The law 
is defined as H = CJC,, where parameter H is the Henry’s Law constant, C, is the 
concentration in air, and C, is the concentration in water. Chemicals with H values less 
than lo-’ volumetric atmospheres per mole (atm-m3/mole) are less volatile than water and 
their groundwater concentrations should increase as water evaporates. Chlorinated 
Aliphatic Hydrocarbons (CAHs) are much more volatile with H values ranging from a 
low of 0.001 atm m3/mole for 1,2-dichIoroethane to about 1.22 atm m3/mole for vinyl 
chloride. However, the overall volatilization rate from groundwater is influenced by 
water table depth, soil moisture content, the presence of sorbents such as organic matter, 
and other environmental factors (Howard 1989). Except for vinyl chloride, and portions 
of plumes that are shallower than 1 meter, attenuation due to volatilization (that is, 
reduction in concentrations) from groundwater can generally be neglected (EPA 1998). 

2.0 CHEMICAL PROCESSES 

2.1 Sorption, Desorption, and Ion Exchange 

Sorption is a generic term for several complex processes by which chemicals are 
removed from water and bound onto a solid. Sorption and desorption are opposing 
processes, and they are frequently of unequal magnitude. Sorption of some contaminants 
on specific substrates may be irreversible, allowing negligible desorption to occur. 
Sorption is a process where dissolved contaminants chemically bind to minerals or 
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organic matter in the aquifer matrix thus decreasing their dissolved concentrations in 
groundwater. Desorption is the reverse process by which contaminants are released from 
the soil matrix increasing their concentrations in groundwater. 

As mentioned, sorption is a generic term for several chemical attenuation mechanisms 
that will not be discussed here: adsorption, coprecipitation, and precipitation. Ion 
exchange is commonly discussed as the exchange of metal cations on clay surfaces. 
However, Langmuir (1997) observed that ion adsorption is always part of an ion 
exchange reaction. 

Sorbents with net negative surface charges have cation exchange capacity, while sorbents 
with net positive surface charge have anion exchange capacity (Langmuir 1997). The 
clay kaolinite and metal hydroxides have a pH-dependent surface charge that is net 
positive in acid solution and net negative at higher pHs (Langmuir 1997). It is important 
to note that many common minerals of particular interest as sorbents of contaminants 
have a net negative surface charge at the near-neutral to slightly alkaline pH values (6 to 
9) of most groundwater. Under these pH conditions cationic contaminants in 
groundwater are usually sorbed (for example ammonium ion), while anionic 
contaminants (for example, chromate ion) are in general highly mobile. EPA (2004) 
notes that cation sorption is greatest at high pH because it is coupled with the release of 
K‘. Minerals expected to have net negative surface charge in neutral to alkaline 
groundwaters include: Na- and K-feldspars, quartz, Mn oxides, hematite, goethite, 
kaolinite, and smectite clays such as montmorillonite (Langmuir, 1997). 

The most simplistic and widely used model of sorption and desorption assumes that they 
are reversible processes that can be modeled by a parameter called the “distribution 
coefficient,” &. Sorption acts to slow the transport velocity contaminants (V,) relative to 
the velocity of the groundwater (V,) which is defined as V, = V,/R, where R is the 
coefficient of retardation. At chemical equilibrium in a mixture of water and soil, & 
equals the mass of contaminant bound to the soil (C,) divided by the contaminant 
concentration remaining in groundwater (C& or I(d = CJC,. The larger the & value, the 
greater the fraction of contaminant that will be bound to the aquifer soil, resulting in a 
larger retardation factor. 

e 

& values are specific to the contaminant of interest, the mineralogy of the porous 
medium, and the chemical composition of the groundwater. Literature values of I(d often 
vary over several orders of magnitude; I(d values for many analytes (particulafiy metals) 
are strongly pH-dependent. The degree of sorption of a contaminant is also dependent 
on its aqueous speciation, and on the concentrations of other ions competing for sorption 
sites. There are numerous pitfalls and technical issues associated with measuring, 
selecting, and applying & values in a meaningful way @PA 1999,2004). It is noted that 
& is not an appropriate representation for migration of contaminants in an insoluble, 
particulate form, such as plutonium and americium (K-H 2002a). 
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Many classes of organic molecules tend to bind strongly to the natural organic carbon 
found (in low percentages) in many sedimentary aquifer host rocks and sediments. 
Therefore, the sorption behavior of manmade organic compounds such as CAHs and 
polychlorinated biphenyls (PCBs), is commonly quantified by the “organic carbon 
distribution coefficient,” &. & is defined as the mass of contaminant sorbed per gram 
of organic carbon, divided by the contaminant mass per milliliter of water (that is its 
aqueous concentration). Values of & can vary by more than seven orders of magnitude 
for different organic chemicals (Langmuir 1997). I(d = & times the fraction of organic 
carbon in the soil or sediment. 

The properties of each specific contaminant interact with the geochemical and 
hydrological properties of the groundwater environment to determine its mobility in 
groundwater. Substances whose properties produce little retardation relative to the 
groundwater velocity are said to be highly “mobile” in the environment. Chemicals with 
high solubility in water and weak sorption properties tend to be very mobile. Chemicals 
with large & values usually have very low solubility in water. For manmade organic 
compounds (VOCs, semivolatile organic compounds [SVOCs], and PCBs), & is a good 
indicator of both mobility and aqueous solubility. Low & values up to 50 milliliters per 
gram ( d g )  indicate “very high” mobility and high solubility in water. I& >50 to 150 
means “high” mobility, >150 to 500 is “moderate” mobility, >500 to 2,000 is “low” 
mobility, >2,000 to 20,000 is “slight” mobility, and >20,000 is considered “immobile” 
(Fetter 1988). 

As a first approximation, the above mobility ranges of Fetter (1988) can be described in 
terms of I(d ranges by assurhing an average organic carbon content of lpercent in soil. 
Then, I(d = K,JlOO, and for .example, ‘.‘slight” mobility would be defined by & values in 
the range >20 to 200, while I(d >200 mUg is “immobile.” This rule of thumb is in good 
agreement with Drever (1988, p.96) who considers &s for metals >lo0 mL/g as 
“essentially immobile.” 

2.2 Hydrolysis 

Hydrolysis refers to the direct reaction of a CAH molecule with water. An important 
example is the hydrolysis of l,l,l-trichloroethane to form acetic acid (C2H300H). This 
process is relatively rapid, with a hydrolysis half-life of 0.5 to 1.7 years (Vogel et al. 
1987). Chloride ion is released to groundwater and the generated acetate ions are 
consumed by bacteria or are oxidized to carbonic acid dissociation species, such as 
bicarbonate ion. 

A second example is the hydrolysis of chloroethane to form ethanol (CH3CH2OH). 
Hydrolysis is very rapid with a chloroethane half-life of 0.12 years (Vogel et al. 1987). 
Similarly, methanol is produced from the hydrolysis of chloromethane, a compound 
formed in the carbon tetrachloride decay series. 

In general, monochloroalkanes hydrolyze with half-lives of approximately 1 month, 
while polychlorinated molecules hydrolyze at a slower rate (that is have longer half- 
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lives). Carbon tetrachloride slowly hydrolyzes with a half-life of 41 years, while its 
daughter chloroform has a half-life of 3,500 years (Wiedemeier et al. 1999). 

0 
2.3 Oxidation-Reduction 

Oxidation-reduction (REDOX) reactions may change the chemical form, mobility, and 
toxicity of contaminants that contain elements, which may exist in different valence 
states. Specific REDOX environments are recognized in groundwater by the types and 
abundances of REDOX chemicals present, (for example dissolved 0 2  (DO), NOi  versus 
ammonia, and sulfate versus dissolved sulfide). When groundwater contacts a supply of 
reducing agents (reductants such as organic carbon), the oxidants in the water are reduced 
(consumed) in the order of strongest to weakest oxidant. The exact order is pH- 
dependent, but the common order of reduction is first DO, then nitrate, Mn(lV), Fe(III), 
sulfate, and CO2. 

REDOX reactions can affect contaminant fate and transport in a number of ways. For 
example, Fe(1II) precipitates as ferric hydroxide, a highly adsorptive solid that sorbs trace 
metals, while in comparison Fe(II) phases are relatively soluble under moderately 
oxidizing conditions. In a reducing groundwater the reduction of ferric hydroxide 
releases ferrous iron and formerly sorbed trace metals (McLean and Bledsoe 1992). 

Chromium is an example of the effect of REDOX on mobility. Cr(V1) is an industrial 
pollutant that may be highly mobile in “oxidizing” groundwater in which it moves as the 
chromate anion. However, in a reducing environment chromium is relatively immobile 
in the Cr(III) valence as it forms a Cr(II1) hydroxide solid phase of low solubility. 

An example of the effect of REDOX on chemical fate is that groundwater containing 
more than approximately 1 milligram per liter (mgL) DO is considered too “oxidizing” 
for biodegradation of CAHs by reductive dechlorination. 

0 

2.4 Solubility, Precipitation, and Dissolution 

The solubility of contaminant-bearing phases in waste, contaminated soil, or NAPL is an 
important process allowing contaminants to reach pore water and groundwater. The 
relative solubility of a mineral in water is specified by its “solubility product constant,” 
Ksp. If the “ion activity product” of the relevant ions in aqueous solution exceeds the 
Ksp, then the solid may precipitate. If the ion activity product is smaller than the Ksp, 
and if the solid phase was pre-existing, then the solid’may undergo “dissolution” (that is 
dissolve). 

Solubility is commonly affected by the pH of the groundwater or surface water, as well as 
other factors such as the availability of complexing ligands. Good examples of this are 
the amphoteric metals A1 and Fe. The solubility of the AI-hydroxide gibbsite has a 
solubility minimum at pH 6.3, while the Fe-oxyhydroxide goethite h& a minimum at pH 
8.0 (Langmuir 1997). 0 
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2.5 Complexation and Speciation 

When a contaminant dissolves in water it often exists in more than one dissolved 
chemical form, or “aqueous species.” Some species are more abundant that others 
depending on the water chemistry and the chemistry of the element. Speciation of an 
aqueous element or contaminant refers to the prediction of the set of chemical entities 
that probably exist when the element dissolves in natural water. A “complex ion” or 
“complex” is an aqueous chemical species that forms from the chemical association of a 
cation (usually a metal) with one or more anions or neutral molecules. Complexation is 
important to contaminant transport and fate for several reasons (Langmuir 1997,1978). 

Most trace metals are transported in groundwater and surface water as complex ions 
rather than free ions. Common examples in aerobic groundwater are uranium, arsenic, 
and sulfur, which form the oxyanions, UO?, A s O ~ ~ - ,  and SO:- respectively. 

Assume a contaminant is a constituent of a mineral whose solubility product may be 
limiting the concentration of that contaminant in water. If the contaminant forms 
complexes in water the solubility of the mineral is usually increased over its solubility in 
the absence of complexing. This leads to increased contaminant concentrations in water. 

The aqueous concentrations of many trace metals are limited by sorption. The sorption 
of charged complex ions may be either favored or inhibited relative to that of the free ion. 
For example, hydroxy complexes of uranyl ion (U0z2’) are strongly sorbed on hydroxide 
and oxide minerals, while in contrast, uranyl carbonate complexes such as the 
tricarbonate (UTC or U02(C03)34-) are poorly sorbed and highly mobile in aerobic 
groundwater (Langmuir 1997,1978). 

The bioavailability to plants, and the toxicity of metals to aquatic life, depends on their 
complexation. Examples of bioavailability varying with speciation include Cu, Fe, Mn, 
and Zn (Langmuir 1997). Examples of metal toxicity to fish are cupric ion (Cu2+) and 
monomethyl mercury (HgCH3’), in contrast to less toxic complexes such as CuCO: 
(Langmuir 1997). 

2.6 Radioactive Decay 

Radioactive isotopes have unstable nuclei that spontaneously form new elements through 
the nuclear processes of alpha decay, beta decay, or spontaneous fission. The “half-life” 
is the time required for 50 percent of the current amount of a radioactive nuclide to 
decay, and is an intrinsic property of each nuclide. Alpha decay is the nuclear process by 
which a parent nuclide (for example, uranium-238) emits an alpha particle (helium-4 
nucleus) decreasing the parent’s atomic number by two and its atomic weight by four 
atomic mass units to form a daughter nuclide (for example, thorium-234). The following 
radionuclides decay by alpha decay: uranium-233, uranium-234, uranium-235, uranium- 
236, uranium-238, plutonium-238, plutonium-239, plutonium-240, and americium-241. 

10 



RCRA Facility Investigation-Remedial Investigation/ 
Corrective Measures Study-Feasibility Study Report 

Section 7.0 -Attachment I 
Physical, Chemical, and Biological Processes 

that Influence Contaminant Transport 
and Persistence in the Environment 

Many of the radionuclides present as contaminants at RFETS have relatively long half- 
lives. For example, the half-lives of americium-241 , plutonium-239, and uranium-238 
are approximately 432 years, 24,110 years, and 4.5 billion years, respectively. Because it 
requires several half-lives to diminish the radionuclide activity to an insignificant level, 
radioactive decay is not a relevant factor for the fate and transport of several of the 
radionuclides addressed as AOIs. 

0 

The source of americium-241 is the beta decay of plutonium-241, an “impurity” from 
production of plutonium-239/240. Plutonium-241 , with a half-life of 14 years, has 
decayed substantially since the production of plutonium-239/240. The americium-241 
activity (with a half life of 432 years) will continue to decrease. 

3.0 BIOLOGICAL PROCESSES 

3.1 Biodegradation 

Numerous investigations have shown that microorganisms indigenous to groundwater 
environments can degrade a variety of manmade organic chemicals including chlorinated 
ethanes, chlorinated ethenes, chlorobenzenes, and components of gasoline, kerosene, and 
diesel fuel @PA, 1998). This biologically mediated degradation is termed 
biodegradation and at many sites it is the most important process by which CAHs in the 
environment are destroyed. Therefore, an overview of biodegradation is provided below. 

Biodegradation of CAHs occurs most rapidly in anoxic, reducing groundwater 
environments, and causes or is associated with measurable changes in groundwater 
geochemistry such as those listed below. 

0 

Parent CAH concentrations decrease. 

Daughter CAH concentrations may increase downgradient prior to decreasing 
with distance and time. 

Oxidants such as dissolved oxygen (DO), nitrate ion, nitrite ion, Mn(lV, III) 
minerals, Fe(III) minerals, and sulfate ion may be absent or much lower in 
concentration in the biodegradation area. 

Concentrations of chloride ion, Fe(II), Mn(II), hydrogen sulfide, alkalinity, and 
methane may increase in the zone of biodegradation. 

il 

Alkalinity increases because COz is produced by the biodegradation of organic carbon 
compounds. Dissolving CO2 in water forms carbonic acid dissociation species. Two of 
these, bicarbonate ion and carbonate ion, may be measured when a water is analyzed for 
total alkalinity. Alkalinity is increased during aerobic respiration and in all of the anoxic 
environments during biodegradation of CAHs and fuel hydrocarbons. Areas 
contaminated by petroleum hydrocarbons often have a higher total alkalinity than 
background areas (Wiedemeier et al. 1999). 

0 
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Several common chlorinated solvents including tetrachloroethene, trichloroethene, and 
carbon tetrachloride, biodegrade from the parent compound through a series of 
progressively less chlorinated daughter compounds. This progression is a type of decay 
series analogous to radionuclide decay chains. As an example, carbon tetrachloride 
degrades to daughter chloroform, which degrades to methylene chloride, which degrades 
to chloroform, and finally to methanol or methane. 

Biodegradation of CAHs in groundwater takes place by three general mechanisms, of 
which “reductive dechlorination” is most important: 

Reductive dechlorination - Anaerobic microbial use of the organic compound as 
an oxidant; 

Aerobic biodegradation - Microbial use of the organic compound as a reductant 
and primary substrate for growth; and 

Cometabolism - Fortuitous degradation by microbes. 

Under aerobic biodegradation, the primary bacterial growth substrate is also used as a 
reductant. Examples include fuel hydrocarbons and the less oxidized chlorinated ethenes 
and ethanes, vinyl chloride, chloromethane, and chloroethane. Under aerobic conditions 
(aerobic respiration), DO is coupled with these reductants. Under anoxic conditions, 
reductive dechlorination uses the more oxidized CAHs as oxidants, including carbon 
tetrachloride, tetrachloroethene, trichloroethene, dichloroethene, trichloroethane, and 
dichloroethane. During cometabolism, the organism gains no apparent benefit from the 
compound being degraded. Cometabolic degradation is a fortuitous side-reaction with 
microbial enzymes produced for other purposes. Further details of these three 
mechanisms are presented in the Biodegradation Report (K-H 2004a). 

Biodegradation of fuel hydrocarbons (for example benzene in gasoline) is known to be 
relatively rapid under aerobic conditions; the degradation rate is limited by the 
availability of DO in groundwater @PA 1998). Microbes also perform aerobic 
biodegradation of the less chlorinated ethenes and ethanes, particularly vinyl chloride, 
dichloroethene, and 1,2-dichloroethane. These CAH compounds act as reductants and 
provide organic carbon and energy to the bacteria as they are oxidized by DO. Vinyl 
chloride is the chlorinated ethene most susceptible to aerobic biodegradation. Vinyl 
chloride is oxidized to carbonic acid species. This aerobic biodegradation of vinyl 
chloride is more rapid than othermechanisms of vinyl chloride degradation, such as 
reductive dechlorination. 

Bacteria can anaerobically biodegrade fuel hydrocarbons in most groundwater REDOX 
environments including denitrification, Mn(N) reduction, Fe(III) reduction, sulfate 
reduction, and methanogenesis (Wiedemeier et al. 1995). 

Thirty-five biodegradation rate constants were determined by the method of Buscheck 
and Alcantar (1995) for CAH compounds in contaminant plumes at RFETS (K-H 2004a). 
These rates may be expressed as chemical half-lives. The mean biodegradation half-lives 
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for CAHs in UHSU groundwater are: 1,l-dichloroethane for 30.3 years, trichloroethene 
for 22.4 years, 1,1,1-trichloroethane for 15.9 years, tetrachloroethene for 10.8 years, cis- 
1 ,Zdichloroethene for 10.4 years, methylene chloride for 8.1 years, 1 ,l-dichloroethene 
for 3.0 years, and chloroform for 0.8 years (K-H 2004a) (considered to be at low end of 
the range for half-life estimates). Based on data and modeling at RFETS, it is likely that 
inferred VOC sources and associated downgradient groundwater concentrations will 
persist for decades to hundreds of years, if not longer, even with source removal 
.(considered to be the upper range for half-life estimates) (see persistence discussion 
below for details). Comparison of CAH biodegradation rates for R E T S  with other 
solvent-contaminated sites indicates that the RFETS rates are very low and are near the 
low end of published biodegradation rate constants (K-H 2004a). 

Although evidence of biodegradation is found in UHSU groundwater, it seems to occur 
most rapidly in local areas of favorable groundwater chemistry where anoxic conditions 
support reductive dechlorination. Reductive dechlorination is widely considered to be 
the main mechanism by which CAHs biodegrade. Most shallow UHSU groundwater 
appears to be oxygenated with a mean DO content of 5.7 mg/L (K-H 2004a). Reductive 
dechlorination may not occur under such oxidizing conditions, although vinyl chloride 
may be rapidly oxidized. 

3.2 Denitrification and Ammonification 

Denitrification may be thought of as a specialized type of biodegradation. It is the 
process by which certain bacteria can reduce nitrate ion (N03-) to nitrogen gas (N2). The 
oxygen in nitrate is used to oxidize organic carbon to COz, while the nitrate-nitrogen 
becomes biologically inert nitrogen gas (Langmuir 1997). 

Nitrite ion (NO;) contains trivalent nitrogen, less oxidized than the pentavalent nitrogen 
of nitrate. Nitrite ion is less abundant than nitrate in most natural waters. Because nitrite 
is a weaker oxidant than nitrate, nitrite should be reduced to ammonia in a reducing 
environment containing organic matter after all of the nitrate has been reduced. Decaying 
plants and animal waste products such as urea naturally undergo “amm~nification’~ the 
process in which organic nitrogen compounds are converted to ammonia. 

3.3 Assimilation and Bioconcentration 

c 

Assimilation refers to incorporation of a chemical into protoplasm via ingestion by an 
organism. The degree of accumulation of the chemical may be quantified by the 
“bioconcentration factor”, which equals the concentration in an organism (for example 
trout) divided by the concentration in water. High & usually indicates a high 
bioconcentration factor (BCF), while low & indicates little propensity for 
bioconcentration (Langmuir 1997). PCBs tend to have high BCF and & values, while 
chlorinated solvents like tetrachloroethene and carbon tetrachloride have low BCF values 
and low to moderate K, (Langmuir 1997). 
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Contaminants in groundwater may be taken up by plant roots as in the remedial process 
of phytoremediation. For example, some legumes are known to bioaccumulate the metal 
molybdenum. Some microorganisms can utilize the carbon from chlorinated solvent 
compounds in groundwater to make protoplasm. Other contaminants may be used as an 
energy source by subsurface bacteria (for example sulfate reducers). 

3.4 Evapotranspiration 

Evapotranspiration (ET) is the loss of groundwater from soil by interception from the 
vegetation,.evaporation from free-water surfaces, soil evaporation, and transpiration from 
plants (K-H 2002b). The near-stream hydrology at RFETS is dominated by losses to ET, 
as demonstrated by Site surface water flow monitoring and confirmed by an integrated 
hydrologic model of RFETS. The loss to ET is significant because it helps attenuate 
VOCs before groundwater discharges as baseflow to streams, seeps, ponds, or overland 
flow. The relatively small portion of infiltrating precipitation that does become shallow 
groundwater, and is thereby available to transport any contamination present, ultimately 
discharges to surface water before reaching the eastern Site boundary. Therefore, UHSU 
groundwater that has been impacted by Site activities, both in the Industrial Area and 
Buffer Zone, discharges to surface water prior to leaving RFETS. 

4.0 PERSISTENCE IN THE ENVIRONMENT OF AOIS 

4.1 Persistence of Radionuclides 

The half-lives of radionuclides identified as AOIs are: 

Americium-241 - 432 years; 

Plutonium-239 - 24,110 years; 

Plutonium-240 - 6,564 years; 

Uranium-233 - 159,200 years; 

Uranium-234 - 245,500 years; 

Uranium-238 - 4,468,000,000 years. 

Uranium-235 - 704,000,000 years; and 

Because it requires several half-lives to reduce the radioactivity to an insignificant level 
for most of the radionuclide AOIs, it will require an extended time period for them 
dissipate via radioactive decay. 

4.2 Persistence of VOCs 

Estimating long-term persistence of VOCs in groundwater at RFETS requires a good 
understanding of the behavior and characteristics of both the source and dissolved-phase 
plume. For the VOC transport modeling effort, detailed information on the location and 
characteristics of source areas was uncertain. As a result, Historical Release Report 
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information was used, in combination with fate and transport modeling, to determine a 
approximate locations and concentrations of sources that explained the distributions of 
observed downgradient dissolved-phase VOC concentrations in groundwater. 

An important assumption made in this modeling effort was that source concentrations 
were constant in time. This assumption was reasonable because inferred sources were 
most likely caused by release of DNAPLs, and because VOC groundwater concentrations 
appear relatively steady in time (K-H 2004b). Modeling showed that constant source 
area concentrations influence how long downgradient VOC concentrations will persist in 
groundwater, while attenuation processes such as biodegradation and ET control the 
downgradient concentration distributions. Current literature on the long-term fate of 
DNAPL sources (http://ww w .epa. nov/superfund/resources/nwdocs/non aq u. h tm) 
indicates that these will persist from decades to hundreds of years, if not longer. 
Therefore, downgradient concentrations in groundwater can be expected to last at least as 
long as VOC sources exist. 

Estimating the persistence of DNAPLs is very difficult, depends on many factors, and 
continues to represent a major topic of current research (EPA 2003). Kram et al, (2001) 
indicates that the current lack of appropriate methods for detecting and delineating 
DNAPL has been identified as one the most significant challenges limiting effective 
cleanup. Figure A1.1 shows several ways that a DNAPL source can occur in the 
subsurface (EPA 1991). These configurations can affect groundwater concentrations and 
persistence in different ways. Current DNAPL fate and transport research (EPA 1991, 
EPA 2003) indicates the following: 

a 
DNAPL distribution and extent depend on a number of factors (that is, release 
volume, rate, duration, and areal extent, heterogeneity, DNAPL properties, soil 
properties, and groundwater depth), and they cannot be effectively determined at 
most field sites. 

Estimating the long-term impacts of DNAPL sources on downgradient 
groundwater quality is uncertain. This is even more so without detailed source 
and aquifer characterization. 

Current estimates of the persistence of DNAPL sources appear to range from 
decades to hundreds, if not thousands of years (EPA 2003). 

Currently, no field studies exist that demonstrate plume cleanup below Maximum 
Contaminant Levels (MCLs) for DNAPL source remediation (EPA 2003). It is 
difficult to predict ‘whether source removal technologies will be successful at a 
particular site in reducing groundwater impacts, without more detailed site 
characterization. 

Even where source locations are known, current sampling methodologies often 
are unable to detect or confirm the presence of DNAPL (Abriola 2005). 

At RFETS, like many sites throughout the United States, details of VOC source areas are 
‘uncertain and not well characterized, because of the difficulty locating and characterizing 

DW/E03200501 I .DOC 15 



RCRA Facility Investigation-Remedial Investigation/ 
Corrective Measures Study-Feasibility Study Report 

Section 7.0 -Attachment I 
Physical, Chemical, and Biological Processes 

that Influence Contaminant Transport 
and Persistence in the Environment 

6 

the large number of localized, small-volume historical releases, whose locations remain 
uncertain (that is, within even hundreds of feet). Using the groundwater quality data, it is 
also difficult to make detailed conclusions about DNAPL entrapment architecture (mode 
and spatial distribution) for any of the inferred source areas. The relatively constant 
groundwater VOC concentrations suggest that inferred VOC sources at RFETS are, in 
most cases, are likely from either residual DNAPL in the vadose zone, or as relatively 
stable pools above low permeability strata within the saturated zone. Depending on the 
soil texture heterogeneity at RFBTS, it is also possible that the mass of dissolved VOCs 
in the plume may be a result of the dissolved DNAPL constituents that are returned to the 
groundwater as a result of back diffusion from low-permeability zones. 

Characteristics of dissolved-phase groundwater VOC plumes and their long-term fate and 
transport at RFETS were assessed in detail in modeling (K-H 2004b). Biodegradation 
rate constants were also determined by the method of Buscheck and Alcantar (1995) for 
VOC compounds in contaminant plumes at RFETS (K-H 2004a). Comparison of these 
biodegradation rates for RFETS with other solvent-contaminated sites indicates that the 
RFETS rates are very low and are near the low end of published biodegradation rate 
constants (K-H 2004a). Results of the VOC fate and transport modeling also support this 
conclusion (K-H 2004b). 

In summary, given published information and available data at RFETS, it is likely that 
inferred VOC sources and associated downgradient groundwater con'centrations will 
persist for decades to hundreds of years, if not longer, even with source removal. 
Although it is possible to reduce the long-term persistence of the source term with 
appropriate technology (EPA 2003), it would be technically impracticable to attempt to 
locate and characterize each source, given the large number, and very localized impacted 
areas due to relatively small release volumes (many < 100 gallons). Long-term fate and 
transport modeling showed that, assuming sources remain the way they are now, impacts 
to surface water would be minimal due to the following: (1) many sources will not 
impact groundwater above surface water standards at discharge points; (2) where 
concentrations are above surface water standards, the total flux into streams is limited due 
to the ephemeral nature of baseflow and seep flow to streams; and (3) groundwater plume 
treatment systems and source area enhancements have been implemented in these areas 
(K-H 2005). 

4.3 Persistence of SVOCs 

Microbial metabolism is the major process for degradation of polynuclear aromatic 
hydrocarbons (PAHs) in soil environments. Photolysis, hydrolysis, and oxidation 
generally are not considered important processes for the degradation of PAHs in soils 
(Sims and Overcash 1983). Although there are differences in the biodegradation half-life 
values estimated by different investigators, their results suggest that the biodegradation 
half-lives of PAHs with more than three rings will be considerably longer (>20 days to 
hundreds of days) than PAHs with three or fewer rings. 
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For the specific PAHs identified as AOIs in RFETS soils, all with more than three rings 
(benzo [ a]an thracene, benzo [ a] pyrene, benzo [b] f l  uoran thene, di benz [a,h] an thracene, and 
indeno[ 1,2,3-cd] pyrene), longer biodegradation half-lives (greater than 20 days to 
hundreds of days) are expected (ATSDR 1995). 

a 

4.4 Persistence of Metals 

Metals are stable and do not degrade in the environment. Thus metals will persist 
indefinitely. 
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1.0 GROUNDWATER 

Integrated flow and transport modeling of volatile organic compound (VOC) migration in 
upper hydrostatigraphic unit (UHSU) groundwater at RFETS focused on 
tetrachloroethene and carbon tetrachloride (and their degradation products.) The 
modeling was conducted to evaluate the movement and fate of each VOC and its 
potential impact to surface water quality from groundwater discharge areas (K-H 2004). 
Modeling updates are presented in the Summary of Integrated Hydrologic and VOC 
Transport Modeling at the Rocky Hats Environmental Technology Site (K-H 2005). The 
modeling scope included: 

Review of all historical UHSU water quality data; 

Development of a flow and transport model using historical conditions to 
determine appropriate parameter values; and 

Adaptation of the flow and transport model to the post-accelerated action land 
reconfiguration (and associated hydrologic changes) to. predict long-term or 
maximum groundwater VOq concentrations that may discharge to surface water. 

Individual VOCs were modeled because the chlorinated aliphatic hydrocarbons (CAHs) 
exhibit a range of transport properties. Nineteen areas of VOC-bearing UHSU 
groundwater were identified where one or more contaminant sources explained CAH 
concentrations observed at a group of groundwater monitoring locations. These model 
areas are referred to as Plume Signature Areas (PSAs). 

Data analysis indicated that contaminant plumes sourced from most of the 19 PSAs have 
already discharged to surface water and, therefore, could potentially impact downgradient 
surface water quality unless VOC concentrations are sufficiently attenuated along the 
groundwater flow path (K-H 2004). Relatively constant VOC concentrations through 
time are observed at most groundwater monitoring locations. This suggests that most 
PSAs have reached a quasi-steady-state configuration typically produced by dense 
nonaqueous phase liquid (DNAPL) sources (K-H 2004). 

Current VOC concentrations in groundwater at each PSA were evaluated using 
groundwater flow path analysis and sensitivity analysis of reactive transport of carbon 
tetrachloride and tetrachloroethene degradation chains. Flow path analysis identified 22 
source areas that explained VOC concentrations in the 19 PSAs. The modeling results 
indicate that it is reasonable to assume that the groundwater VOC sources were 
introduced 30 to 50 years ago. The most important factors affecting fate and transport of 
VOCs in UHSU groundwater are hydraulic conductivity, depth of source, and 
biodegradation rates (K-H 2004). Other factors such as sorption, source concentration, 
and porosity were less important controls. 

Transport modeling generally found that only parent compounds carbon tetrachloride and 
tetrachloroethene/trichloroethene were above draft 2004 preliminary remediation goals 
(PRGs) at groundwater discharge areas, while the daughter products were below the draft 
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PRGs. Trichloroethene and carbon tetrachloride were the most prominent and 
widespread. They were the only VOCs with at least one simulation of post-accelerated 
action conditions that predicted long-term concentrations in groundwater discharge above 
draft (2004) surface water PRGs (K-H 2004) in the following areas: 

Building 771 area; 

East Trenches area. 

Ryan’s Pit and 903 Pad area; 

Oil Burn Pit and Mound area; and 

’ Thus, carbon tetrachloride or tetrachloroethene/trichloroethene may impact surface water 
quality downgradient of the above areas. For the Groundwater Interim Measurehterim 
Remedial Action (IMIIRA) evaluations, the modeling simulations were updated with a 
revised Industrial Area (IA) reconfiguration and compared to relevant surface water 
standards (K-H 2005). The results of the updated modeling reconfirmed the earlier 
modeling of carbon tetrachloride and tetrachloroethene/trichloroethene discharging in 
these four areas above surface water standards. 

2.0 SURFACE WATER 

2.1 Surface Water Hydrology - Post-Accelerated Action Condition 

Evaluation of the Rocky Flats Environmental Technology Site (RFETS) hydrology in the 
post-accelerated action configuration was conducted for the Site-Wide Water Balance 
(SWWB) modeling study (K-H 2002) and updated to reflect the post-accelerated action 
site condition (K-H 2005). The study used the MIKE SI$E computer code, .which 
integrates surface water and groundwater hydrologic processes in model simulations. 

The SWWB model predictions for the future Site hydrology were developed for the 
Water Year (WY) 2000 precipitation record (October 1, 1999, through September 30, 
2000), as well as wet-year and dry-year climates. WY2000 had a total precipitation depth 
of 13.8 inches, compared to the mean annual precipitation depth of 14.8 inches based on 
35 years of Site record (K-H 2002). The wet-year and dry-year climates were based on 
the mean precipitation of 100 years of the Ft. Collins, Colorado, precipitation record. It 
has the best match to RFETS precipitation (compared with Golden, Boulder, and Denver 
[Stapleton] records) and has a longer period of record than the Site. Wet and dry year 
model simulations were run using the mean of the Ft. Collins precipitation depth (15.2 
inches) plus or minus one standard deviation (4.2 inches), or 19.4 inches for the wet year 
and 11 inches for the dry year. 

Locations of surface water Point of Compliance (POC) and Point of Evaluation (POE) 
monitoring locations (along with other former/existing monitoring locations for 
reference) are shown on Figure A2.1. Model-generated predictions for annual runoff 
volumes are presented on Figure A2.2 for the following POE and POC locations: 
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Walnut Creek Basin: 

SW093 - North Walnut Creek POE location; 

GS 10 - South Walnut Creek POE location; and 

GS03 - Walnut Creek POC location. 

Woman Creek Basin: 

SW027 - South Interceptor Ditch (SID) POE location and 

GSOl - Woman Creek POC location. 

For reference, the model-predicted annual runoff volumes for Walnut Creek at Indiana 
Street, at station GS03 (as shown on Figure A2.2), range from 18 to 45 acre-feet per year 
for the dry  year and wet year scenarios, respectively. This compares with the historic 
mean annual discharge volume at GS03 of 453 acre-feet per year, measured from 
WY 1997 to WY2004 (with a maximum of 849 acre-feet in WY 1998 and a minimum of 
199 acre-feet in WY2002). 

For Woman Creek at Indiana Street, the model-predicted annual runoff volumes at station 
GSOl (as shown on Figure A2.2), range from 65 to 174 acre-feet per year for the dry year 
and wet year scenarios, respectively. This compares with the historic mean annual 
discharge volume at GSOl of 269 acre-feet per year, measured from WY 1997 to 
WY2004 (with a maximum of 595 acre-feet in WY 1998 and a minimum of 40 acre-feet 
in WY2002). 0 
Implications of the decreased runoff volume in the post-accelerated action site condition, 
with respect to surface water quality, are addressed in the following section. 

2.2 Radionuclide AOIs - Projected Surface Water Quality 

It is difficult to assess the precise condition of surface water quality in the site post- 
accelerated action condition in terms of radionuclides. An estimate of future radionuclide 
loads in surface water, compared with historic loads, can be calculated. Using 
projections for surface water flows in the site post-accelerated action configuration, 
coupled with historic surface water quality data, projections were developed for post- 
accelerated action configuration surface water loads. As noted previously, soil 
accelerated actions have reduced the residual contamination that could ultimately migrate 
into surface water; therefore, historic surface water samples for radionuclides likely 
represents a conservative estimate (that is, overestimate) of surface water quality for the 
post-accelerated action site condition. 

Surface water loads for the post-accelerated action configuration were developed for 
plutonium-239/240, americium-24 1, and total uranium for three separate conditions: 

“Normal Condition” load - Surface water loads for a “normal” condition were 
estimated using SWWB model-estidated annual discharge volumes for the site 
post-accelerated action configuration for the WY2000 climate. The model- 0 
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estimated volumes were multiplied by the median annual average concentration of 
each radionuclide, based on sample data collected from WY 1997 through spring 
2005 (date in 2005 varies by sampling location).’ 

“Upper bound” load - Surface water loads for an upper- bound condition were 
estimated using SWWB model-estimated flows for the site post-accelerated action 
configuration for the wet year climate. The model-estimated volumes were 
multiplied by the maximum annual average concentration of each radionuclide, 
based on sample data collected from WY1997 through spring 2005 (date in 2005 
varies by sampling location). 

“Lower bound” load - Surface water loads for an upper bound condition were 
estimated using SWWB model-estimated flows for the site post-accelerated action 
configuration for the dry year climate. The model-estimated volumes were 
multiplied by the minimum annual average concentration of each radionuclide, 
based on sample data collected from WY 1997 through spring 2005 (date in 2005 
varies by sampling location). 

These model estimates were compared with historic surface water load data, based on 
data collected from WY 1997 through WY2004, as a reference. The measured data are 
also presented in terms of normal condition (median annual load), upper bound 
(maximum annual load), and lower bound (minimum annual load). The measured load 
versus projected load comparisons, with their respective upper and lower bounds, are 
presented on Figure A2.3, A2.4, and A2.5, respectively. 

Results of the comparison between historic and predicted future loads indicate the median 
predicted annual loads will decrease, relative to the median historic loads, for all 
radionuclides (plutonium, americium, and uranium) at all locations evaluated. The 
decreased loads are a function of the diminished water volume in the post-accelerated 
action condition. At monitoring location GSlO on South Walnut Creek, which receives 
runoff from the central portion of the former IA, the upper bound of the estimated future 
loads is less than the historic median load for all of the radionuclides. This is a function 
of the significant reduction in flow at GSlO in the post-accelerated action condition, with 
a corresponding reduction in radionuclide loads. 

’ Radionuclide surface water quality data for “nonrepresentative” years, for specific analytes at specific sampling 
locations, were not included in the data set used in the estimate if the cause of the anomalous values were clearly 
identified, and the inventory of the elevated concentrations was eliminated. For example, if RFETS accelerated actions 
caused large areas of soil disturbance in a localized watershed during a specific year and caused an anomalous elevated 
average contaminant concentration, results for that year are not representative of normal historic or future site 
conditions. Therefore, that year’s average contaminant concentration was not included in the data set. Data excluded 
from the data set using this approach include: (a) Station SW027, WY2004, average plutonium-239/240 and 
americium-241 values - excluded due to watershed soil disturbance caused by 903 Pad and Lip Area accelerated action 
activities (the soil accelerated action was completed and erosion controls were subsequently implemented); (b) Station 
SW093, WY2004. average plutonium239l240 and americium241 values - excluded due to watershed soil disturbance 
caused by remediation activities in the former Building 779 area (accelerated action activities were completed and 
erosion controls were subsequently implemented.); (c) Station SW093, WY2005, average americium-241 value - 
excluded due to americium-241 source linked to Building 771 footing drains (the inventory was subsequently 
eliminated).‘ 
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Although the loads of actinides are predicted to decrease in the post-accelerated action 
condition, it is noted that concentrations could potentially increase in low-flow 
conditions, particularly for uranium. Because the baseflow contribution will make up a 
larger fraction of the total flow volume in the post-accelerated action condition, the 
resulting surface flow could potentially have higher concentrations if the baseflow has 
higher concentrations than what was historically observed in the surface flow. This 
condition could occur even though the total quantity of a constituent transported in 
surface water has decreased. 

3.0 AIR 

3.1 Air Modeling Methodology and Results 

Predicting the impact of FSETS emissions requires the use of a dispersion model to 
simulate the transport of pollutants from emission locations to other locations of interest 
(termed receptors), as well as their removal from the air to soil or water surfaces. 
Particles are brought down to the surface through the combined processes of turbulent 
diffusion, wet deposition, and gravitational settling. Once near the surface, they may be 
removed from the atmosphere and deposited on soil or vegetation. These processes 
gradually reduce the amount of particulate matter remaining in a plume as it is 
transported downwind. 

An FSETS-specific implementation of the U.S. Environmental Protection Agency’s 
(EPA’s) Industrial Source Complex Short Term (ISCST3) dispersion and deposition 
model was developed as part of the Actinide Migration Evaluation air pathway 
investigations and 1 year of meteorological data were processed for use with this model. 
This work was detailed in Air Transport and Deposition of Actinides for the Actinide 
Migration Evaluation at the Rocky Flats Environmental Technology Site (Fiscal Year 
[Ey] 00 Report) (Radian 2000), and Air Transport and Deposition of Actinides for the 
Actinide Migration Evaluation at the Rocky Flats Environmental Technology Site (EyO1 
Report) (URS 2001). The estimating method is based on wind speed, size of the 
contaminated areas, precipitation, recent wind erosion history, and surface soil 
concentrations of radionuclides within each contaminated area. Data collected in 
conjunction with a prescribed test bum at RFETS in April 2000 with a small wildfire that 
occurred in the east Buffer Zone (BZ) in July 2000 were used to determine probable post- 
fire emission rates. 

3.2 Source Areas and Particle Properties 

The most significant soil contamination areas contributing to airborne radionuclides at 
RFETS, historically, have been the 903 Pad and the adjacent “Lip” Area. During the 
1950s and 1960s, the 903 Pad was contaminated with plutonium-laden cutting fluids that 
leaked from metal drums into the soil beneath the drums. Removal of the drums in the 
late 1960s and associated cleanup activities resulted in dispersion of contaminated soil 
east and south of the 903 Pad. The initial spread of the contaminated soil resulted in a 0 
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plume of radionuclides in the surface soil extending east and southeast from the 903 Pad 
itself. 

The present surface soil Contamination patterns of plutonium and americium are largely 
the result of windblown suspension and subsequent deposition of soil that was 
contaminated by leaking drums at the 903 Pad, with some additional spread due to 
surface runoff from the contaminated area. Because suspension occurs more readily from 
recently disturbed soil, the particular wind speeds and directions coincident with 
disturbances during the initial 903 Pad remediation sequence had a strong influence on 
the resulting surface soil contamination patterns. The initial distribution patterns have 
since been altered by remediation efforts at RFETS. 

Other spills and releases have resulted in smaller areas at RFETS where the surface soils 
are contaminated with different radionuclides (such as uranium isotopes). In addition, , 

naturally occurring uranium deposits also result in areas of elevated surface soil uranium 
concentrations. 

Even with completion of accelerated actions for soil removal, there still remain low levels 
of radionuclide contamination in surface soils over parts of RFETS. Isopleths of the 
expected remaining contamination are shown on Figure A2.6 through Figure A2.10. 
These areas estimate the extent of remaining radionuclide-emitting sources at RFETS and 
constitute the residual contamination areas that were included in the modeling for this 
report. (These figures were derived from surface soil data contained in Attachment 1 to 
Section 3.0 of this report, the nature and extent of soil contamination section.) All paved 
surfaces and building structures have been removed, therefore allowing for wind erosion 
from all areas. It has been assumed that no significant anthropogenic soil disturbance 
will occur following completion of accelerated actions. (The latter caveat is more 
important from an air quality standpoint in the smaller areas of highest residual 
contamination in that active disturbance can greatly increase emissions.) The analyses 
quantified wind erosion within the RFETS fenceline (property boundary) for americium- 
24 l., plutonium-239/240, uranium-233/234, uranium-235, and uranium-238. Only areas 
with residual surface soil contamination above background, after completion of 
accelerated actions, were modeled. 

The plutonium particles in the cutting oil that leaked at the 903 Pad were small (<3 
micrometers [pm] diameter). Once in contact with the soil, however, the plutonium 
particles became attached to soil particles. Experimental data from RFETS (Langer 
1987) and elsewhere (Shinn 1999) indicate that most of the airborne plutonium activity is 
carried by the >15 pm diameter size fraction. Many of these larger particles are 
aggregates made up of varying size soil particles held together by binding agents (for 
example, organic matter). Lesser amounts of plutonium may be attached to smaller, 
primary clay- and silt-sized particles. Because of its attachment affinity, the airborne 
transport of plutonium is dependent on the soil or aggregate particle properties and not 
the properties of the individual plutonium particles. 
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americium-241 is associated with the 903 Pad area and other areas of weapons-grade 
plutonium contamination at RFETS due to americium ingrowth into decaying weapons- 
grade plutonium. (americium 241 is formed by radioactive decay of plutonium-241 
atoms.) Consequently, americium-241 contamination due to RFETS residual 
contamination is expected to be distributed in the soil matrix in the same manner as 
plutonium-239/240. Past research at RFETS has shown that coarse particles (>15 pm) 
also carry most of the uranium activity in windblown dust (Langer 1987). Therefore, the 
activity distribution among various particle size categories was assumed to be the same 
for each of these isotopes for purposes of estimating airborne transport. 

a 

3.3 Routine Emission Scenario 

Using the previously developed RFETS-specific emission estimating method, particulate 
matter emissions were developed for a routine wind erosion scenario following 
completion of accelerated actions. While particulate matter emissions were assumed to 
be uniform across RFETS, radionuclide emissions will vary by source area. To model 
radionuclides, the estimated particulate matter emissions at each time step were combined 
with information regarding the activity concentration of the available particulate matter to 
yield estimated radionuclide emissions. At each time step, erosion potential is renewed 
by small-scale disturbances (burrowing animals, rainsplash, freezekhaw cycles, plant 
emergence and growth, and so forth) that will generate erodible material reflecting the 
radionuclide concentration levels in the underlying surface soil. In addition, erosion 
potential is renewed by deposition, which reflects the radionuclide concentration levels in 
the air over RFETS. 

To update the americium-241 and plutonium-239/240 analyses that were performed in 
FYOl to incorporate revisions to the residual contamination following completion of 
accelerated actions, new ISCST3 source areas were created from the final surface soil 
contamination data set (see Attachment 1 to Section 3.0 of this report), representing 
radionuclide surface soil concentrations across the site following completion of 
accelerated actions. ISCST3 sources were created for five isotopes: plutonium-239/240, 
americium-24 1, uranium-233/234, uranium-235, and uranium-238. (Note that wind 
resuspension only affects the top few millimeters of soil, so subsurface contamination is 
immaterial in the modeling effort.) 

0 

To generate deposition inputs to the modeling, the previously estimated deposition rates 
of americium-241 and plutonium-239/240 onto source areas (see FYOl Report) were 
revised to reflect the new ISCST3 source areas. Because the uranium isotopes were not 
modeled in the FYOl scenarios, uranium deposition rates over RFETS were estimated 
based on 6-year average airborne uranium concentrations at the RFETS perimeter, using 
perimeter samplers that are part of the Radioactive Ambient Air Monitoring Program 
(RAAMP) (see Figure A2.11; historical air concentration data are also included in 
Attachment 2 to Section 6.0 of this report). Most uranium in the air over R E T S  is 
naturally occurring and several of the perimeter RAAMP samplers appear to be located in 
areas with elevated natural uranium concentrations due to external influences. Therefore, 
use of the average off-property airborne uranium concentrations is expected to be 0 
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‘adequately representative of, or even conservative relative to, uranium in air over RFETS 
itself. 

Renewal of surface soil erosion potential by small-scale disturbances was previously 
calculated for americium-241 and plutonium-239/240 for each source area during the 
F Y O l  AME modeling. Using the same methodology, renewal of erosion potential via 
this mechanism was estimated for each source area for each of the five isotopes. 

ISCST3 was run for the appropriate residual contamination source areas for all five 
isotopes, using the receptor grid employed in the FYOl modeling. Concentration 
predictions were copied to a spreadsheet for conversion to the appropriate units for 
analysis and to prepare isopleths. The results of the revised post-accelerated action 
scenarios are summarized in Table A2.1. Isopleths of expected annual airborne 
radionuclide concentrations following completion of accelerated actions are shown on 
Figure A2.12 througl$3gure. 

3.4 ARARs Comparison 

Applicable or relevant and appropriate requirements (ARARs) for these contaminants are 
contained in Section 9.0 of the Remedial Investigation/Feasibility Study (RWS) Report. 
There are two A R A R s  for airborne radionuclides, which establish essentially the same 
requirement. 

40 Code of Federal Regulations (CFR) 61, Subpart H, contains requirements governing 
emissions of hazardous air pollutants (HAPS)  from certain source types. U.S. 
Department of Energy (DOE) facilities such as RFETS are subject to the standards of 40 
CFR 61.92, which limits radionuclide emissions from the facility so as to not exceed an 
annual effective dose equivalent @DE) to the public of 10 millirem (mrem). (Although 
40 CFR 61, Subpart H is not expected to apply to DOE-retained lands following physical 
completion, the IO-mrem benchmark represents an appropriate health-based benchmark 
concentration.) In addition, 10 CFR 20.1 101(d) imposes a constraint on air emissions to 
the environment, such that an “individual member of the public likely to receive the 
highest dose” will not be expected to receive an annual total EDE greater than 10 mrem 
from air emissions. 

3.5 Results of Routine Emissions Modeling 

In addition to calculating airborne concentrations of radionuclides (in units of activity per 
unit volume of air, for example, picocuries per cubic meter [pCi/m3]), results have also 
been converted to EDE. EDE is measured in units of Sieverts, rem, or, in Part 61, mrem, 
and represents the amount of radiation energy absorbed per gram of tissue, weighted by 
its potential to do damage and the susceptibility for harm to different tissues in the human 
body. 

Conversion from units of activity to EDE in units of mrem depends not only on the 
isotope and the type of radiation it emits, but also on assumptions about exposure 
pathways and scenarios. To simplify this, conversion factors were developed based on 
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EPA air regulations that derive from standard assumptions about exposure pathways and 
scenarios. Appendix E to 40 CFR 61 gives a table of radionuclide concentrations in air 
that may be used to demonstrate compliance with the IO-mrem Subpart H standard. 
Subpart H, Section 61.93(b)(5)(iv) specifies the use of Table 2 of Appendix E to 
determine compliance with the standard if compliance is to be demonstrated using 
environmental measurements. If a person were exposed to air containing a given isotope 
at the concentration levels listed in Appendix E to 40 CFX 61 for a full year (under the 
standard exposure assumptions inherent in these values), it has been assumed that they 
would receive no more than a 10-mrem EDE. Therefore, these concentration levels have 
been used to convert between radionuclide concentrations (in curies per cubic meter 
[Ci/m3] or pCi/m3) and EDE (in mrem) for annual scenarios based on the assumption that 
they represent a IO-mrem EDE. 

0 

The Nuclear Regulatory Commission (NRC) also specifies factors to convert units of 
activity to units of dose for airborne radionuclides (10 CFR 20). The NRC conversion 
factors are a factor of 2 to more than 70 times less conservative than the conversion based 
on 40 CFR 61, Appendix E, depending on the lung-retention classification of the 
radionuclide of interest. Consequently, the 40 CFR 61 conversion assumptions result in 
higher EDE estimates than the NRC method. Because 40 CFR 61 has been the applicable 
and bounding regulation for RFETS operations under the Clean Air Act (CAA), and 
because RFETS would be evaluated to have less potential to yield a significant dose 
under the 10 CFX 20 conversion method, the expression of model results as EDE has 
been based on the conservative 40 CFR 61 conversion assumptions for this report. 

Because the modeling only projected airborne concentrations from wind erosion of areas 
with elevated concentrations of radionuclides remaining in surface soils, total 
concentrations (and resulting EDE) must also include background concentrations. 
Background concentrations comprise those naturally occurring and manmade 
radionuclides present in the global atmosphere due to fallout from weapons testing, 
resuspension of fallout or naturally occurring isotopes in soils, and other ubiquitous 
sources. 

0 

Background air concentrations of americium-241 and plutonium-239/240 were 
documented in the FYOl Report, Section 3.2.2, and are 4.1E-07 pCi/m3 for plutonium- 
239 and 1.48E-07 pCi/m3 americium-241. For uranium, the perimeter averages described 
above were assumed to be representative of local background concentrations. 
Background uranium concentrations used for this analysis were uranium-233/234: 2.98E- 
05’pCi/m3; uranium-235: 1.65E-06 pCi/m’; and uranium-238: 2.94E-05 pCi/m3. 

Combining background concentrations with the modeled results shown in Table A2.1, the 
total maximum expected EDE is 0.23 mrem, while the expected EDE in the vicinity of 
the RFETS fenceline is approximately 0.1 mrem. As noted above, an appropriate 
benchmark for comparison is the EPA 10-mrem dose limit in 40 CFR 61, Subpart H. The 
revised modeling indicates that fugitive dust emissions from residual contamination at 
RFETS, when combined with background levels of radionuclides in air, will be two to 
three orders of magnitude under this benchmark level at all locations. 0 
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Although resuspended radionuclides will also redeposit back onto the soil, no deposition 
values are shown in Table A2.1 because there are no ARARs to compare to projected 
deposition rates. While ongoing resuspension may slowly redistribute radionuclides in 
surface soil, there will be no buildup or increase in concentrations because no new source 
material is being added under the assumption of limited soil disturbance in the future. 

3.6 Effect of Soil Disturbances 

These results assume that no significant soil disturbance will occur, such as from 
excavation, grading, or other anthropogenic activities that mechanically suspend soil 
particles. A disturbance is an action that either renews or increases the available 
reservoir of erodible material (soil particles). A disturbance can take many forms, such 
as excavation, vehicular traffic, or that of a natural process such as a freezehhaw cycle or 
rodent burrowing. The greater the disturbance, the longer it takes for the surface to be 
restored to an undisturbed state because the extent of disturbance affects the magnitude of 
the resulting reservoir of erodible particles. As a result, disturbances increase the rate of 
particulate matter emissions during and for a period after the disturbance occurs. Forms 
of disturbance that mechanically suspend soil particles (substantial traffic, excavation, 
grading, and so forth) would also create additional airborne emission pathways. 

Over time, a soil surface that remains undisturbed will show decreasing emissions as the 
erodible soil particles are removed and the surface develops a crust that inhibits further 
wind erosion. In addition, lack of disturbance will allow vegetation to cover the surface 
and lower the wind speeds to which the soil surface is exposed, further decreasing wind 
erosion. 

According to an EPA method for estimating resuspension of soils with a limited reservoir 
of erodible material, such as exist at RFETS, the amount of soil resuspended (and 
resulting downwind concentrations) can be directly related to the frequency of 
disturbance and the size of the area disturbed (EPA 1989, EPA 1995). At RFETS, this 
linear relationship cannot be directly related to radionuclide emissions and impacts, 
however, because the concentration of radionuclides in the surface soil (pic0 curies per 
gram [pCi/g]) varies from place to place and must also be taken into account. 

Another factor that is extremely important in determining soil resuspension following 
disturbance is the timing of disturbances relative to high-wind events. As noted 
previously, a disturbance results in a soil surface that is easily eroded by wind for some 
period of time. Over time, however, the surface weathers and crusts and erodibility is 
reduced. The occurrence of high winds during the period before the surface has crusted 
can result in much larger amounts of resuspension than the same winds would cause to a 
less disturbed surface. Much of the initial spread of contamination from the 903 Pad, for 
example, is thought to have resulted from a handful of windy days following grading or 
weed burning operations that disturbed the contaminated soil and exposed it to the full 
force of the wind (Weber et al. 1998). 
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An example of how wind-dependent emissions compare for disturbed and undisturbed 
ground is shown on Figure A2.17. The data on this figure were taken from a 1993 
Operable Unit (OU) 3 wind tunnel study (for more information, see FYOO Report [Radian 
20001). The “extra disturbed” line represents ground surfaces that were raked and then 
driven over to break up clumps of soil. At average wind speeds (around 4 meters per 
second [m/s] for RFEiTS), little difference in resuspension is noted. However, Figure 
A2.17 shows that the highly disturbed areas resulted in enhanced resuspension at higher 
wind speeds and that the difference in resuspension rate increased with increasing wind 
speed. 

0 

Disturbances, even substantial ones, will not necessarily result in enhanced resuspension 
if soil erosion is controlled during the disturbance and the area is revegetated. As 
discussed in Section 6.0 of this report, an internal network of air samplers in and around 
the IA during periods of active remediation did not indicate significant radionuclide 
emissions. With the completion of accelerated actions, soil disturbing activities are 
anticipated to be very limited in area and duration, and the emission of radionuclides 
from this activity will be lower than during cleanup activities. 

3.7 Hypothetical Post-Fire Wind Erosion Scenario 

0 

i 

Unplanned fires may occur at RFETS due to lightning strikes or ignition of flammable 
vegetation by other means. Planned fires may also be used for weed control and to 
decrease the potential for wildfires. In FYOl, hypothetical post-fire wind erosion 
scenarios, in which a fire begins in an area with some of the highest residual plutonium- 
239/240 and americium-241 contamination following completion of all planned 
accelerated actions, were modeled as part of the AME air pathway investigations. For 
this report, the FYOl scenario was updated to consider the modified radionuclide soil 
action levels (RSALs). Americium-24 1 , plutonium-239/240, uranium-233/234, uranium- 
235, and uranium-238 were modeled for the year following a hypothetical fire. 

Immediately following the hypothetical fire, the ground surface was assumed to be bare 
soil overlain with ash and interspersed with stubble left from incomplete combustion of 
plant material. Wind erosion potential was assumed to increase after the fire due to 
removal of the vegetative cover. The erosion potential was assumed to decrease 
gradually with time until the pre-fire (baseline) erosion potential was restored. The rate 
of recovery after a fire would depend on factors such as the time of year that the 
hypothetical fire occurred, the fire intensity, and the amount and frequency of rainfall 
occurring after the fire. Scenarios were modeled representing gradual recovery from a 
hypothetical spring fire, with a relatively rapid recovery period, and a hypothetical fall 
fire, with a slower recovery to baseline wind erosion conditions. 

Although vegetation density may return to its pre-burned state in a matter of weeks under 
optimal conditions, as observed following the April 2000 RFETS test bum, it may take 
up to a full year or more for vegetation to recover under dry conditions. Full restoration 
of protection from wind erosion probably requires a layer of thatch, which is composed 
of dead grasses and vegetation that are pushed over and matted down by rain, wind, and a 
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snow during the fall and winter months. This is because the presence of bare soil 
between plants enhances the overall resuspension potential, as the bare areas should 
facilitate the transfer of soil particles onto plant surfaces by mechanisms such as 
rainsplash, in addition to providing a direct source for soil resuspension. The 
hypothetical spring fire scenario assumed a 12-month recovery to baseline erosion 
potential; the hypothetical fall fire scenario assumed an 18-month recovery period 
(through a second winter to ensure a layer of thatch). 

. 

The hypothetical spring and fall fires were assumed to be ignited by lightning striking 
near the area of the former 903 Pad. The fires were assumed to move east and downslope 
to the location of the SID, pushed by westerly winds. The fires were assumed to 
consume an area bounded by the SID to the south, the former 904 Pad road to the west, 
the former East Access road to the north, and a fenceline to the east, where the fires were 
assumed to be stopped by emergency responders. Although several of these features, 
such as the roads, have been removed or altered during final contouring of the site, the 
area assumed to bum still represents a reasonable potential grass fire extent. 

For the FYOl AME work, the burned area was divided into two smaller areas: one with a 
higher average soil contamination level (near the 903 Pad), and the other with a lower 
average soil contamination level. These two source areas were retained but the average 
radionuclide concentrations in surface soil in each area were recalculated based on the 
final surface soil sampling data set (see Attachment 1 to Section 3.0 of this report). The 
two areas used for modeling are shown on Figure A2.18. 

Pre-fire emissions were modeled from the area of the hypothetical fire to provide a base 
case against which to compare the post-fire model results. The differences between the 
base case and the post-fire scenarios were that erosion potential was assumed to be 
greater for the unprotected (unvegetated) soil than for normal, undisturbed grassland and 
the rates of deposition and erosion potential generation due to small-scale disturbances 
were also assumed to increase. The wind tunnel studies of the April 2000 test burn area 
were used to characterize the increase in erosion potential that would follow a fire. 

Radionuclide concentrations were estimated and compared to wind erosion impacts from 
the same area in an undisturbed state. Concentrations were calculated by ISCST3 and 
plume depletion by particle settling was ignored, resulting in conservative estimates of 
airborne radionuclide concentrations. 

Hypothe tic a1 Post -Fi re Scenario Results 

The results are summarized in Table A2.2. The results indicate that recovery from a 
hypothetical spring fire would increase maximum annual plutonium-239/240 and 
americium-241 concentrations by a factor of six to seven relative to the base case. A fall 
fire would increase maximum annual plutonium-239/240 and americium-241 
concentrations by a factor of 10 to1 1. If annual plutonium-239/240 and americium-241 
concentrations farther from the fire are considered, such as at the fenceline (RFETS 
property boundary), the increases are somewhat smaller- factors of approximately four 
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Section 7.0 -Attachment 2 
Projections of Future Conditions - 

Groundwater, Sugace Water, and Air 

to five for a hypothetical spring fire and eight to nine for a hypothetical fall fire. For the 
Uranium isotopes, which were estimated as a function of particulate matter increases, a 
spring fire would be expected to increase concentrations on and off property by a factor 
of two to three, while a fall fire would increase concentrations by a factor of three to four 
beyond the RFETS fenceline and four to five within this fenceline. 

Because these factors only relate to the increase in concentrations from the area of the 
fire, these increases were added to the expected post-accelerated action concentrations 
from residual contamination elsewhere at RFETS, plus regional background values, to 
determine the total air concentrations and resulting EDE during the year following a 
hypothetical fire. Maximum knual total concentrations and EDEs for the five actinides 
were estimated to be: 

Plutonium-239/240: 

Americium-24 1 : 

Uranium-233/234: 
. .  

,j 

Uranium -235: 

, 
Uranium -238: 

4.0 REFERENCES 

1.OlE-04 pCi/m3 (0.50 mrem) hypothetical spring fire 

1.61E-04 pCi/m3 (0.80 mrem) hypothetical fall fire 

1.82E-05 pCi/m3 (0.10 mrem) hypothetical spring fire 

2.87E-05 pCi/m3 (0.15 mrem) hypothetical fall fire 

3.93E-05 pCi/m3 (0.05 mrem) hypothetical spring fire 

4.05E-05 pCi/m3 (0.05 mrem) hypothetical fall fire 

2.17E-06 pCi/m3 (0.003 mrem) hypothetical spring fire 

2.55E-06 pCi/m3 (0.004 mrem) hypothetical fall fire 

5.88E-05 pCi/m3 (0.07 mrem) hypothetical spring fire 

5.88E-05 pCi/m3 (0.07 mrem) hypothetical fall fire 

EPA, 1989, Title 40 of the Code of Federal Regulations, Part 61, Subpart H, “National 
Emission Standards for Emissions of Radionuclides Other than Radon From Department 
of Energy Facilities.” December 15, (and subsequent amendments). 

EPA, 1995, Compilation of Air Pollutant Emission Factors, Fifth Edition, Volumes I and 
11, Office of Air Quality Planning and Standards, Research Triangle Park, North Carolina, 
January. 

K-H, 2002, Site-Wide Water Balance Modeling Report for the Rocky Flats 
Environmental Technology Site, Golden, Colorado, May. 

K-H, 2004, Final Fate and Transport Modeling of Volatile Organic Compounds at the 
Rocky Flats Environmental Technology Site, Golden, Colorado, April. 

K-H, 2005, Summary of Integrated Hydrologic and VOC Transport Modeling at the 
Rocky Flats Environmental Technology Site, Golden, Colorado, September. 
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Langer, G., 1987, Dust Transport-Wind Blown and Mechanical Resuspension, HS&E 
Applications Technology Semiannual Progress Report, p. 16, May. 

Radian International, 2000, Air Transport and Deposition of Actinides for the Actinide 
Migration Evaluation at Rocky Flats Environmental Technology Site, FYOO Report, 
Rocky Flats Environmental Technology Site, Golden, Colorado, September. 

Shinn, J. (Lawrence Livermore National Laboratory), 1999, Personal Communication. 
April. 

URS, 2001, Air Transport and Deposition of Actinides for the Actinide Migration 
Evaluation at Rocky Flats Environmental Technology Site, FYO1 Report, Rocky Flats 
Environmental Technology Site, Golden, Colorado, December. 

Weber, J.M., A.S. Rood, and H.R. Meyer, 1998, Development of the Rocky Flats Plant 
903 Area Plutonium Source Term, RAC Report No. 8, CDPHE-RFP-1998-Fina1, 
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Table A2.1 
Results Summary-Post-Accelerated Action Wind Erosion Scenario 

~ U&i&-233/234 7m-08 9.6OE-10 1,299 1.01E-04 1.25E-06 

Uranium-238 3.91E-06 2.00E-09 1,205 4.71E-03 2.41E-06 
Total Inhalation Doseb 1.68E-01 1 -66E-02 

Uranium-235 6.04E-06 1.53E-08 1,408 8.5OE-03 2.15E-05 

- -  
Does not include contributions from background sources. b 

DENIEo32005011 .DOC 1 of 1 



Table A2.2 
Results Summary-Hypothetical Post-Fire Recovery Scenarios 

I Uranium-238‘ I 5.89E-04 I 1.2OE-05 I 1,205 I 7.10E-01 I 1.45E-02 I 
a “Off Site” refers to locations outside RFETS property fenceline location. 

Does not include contributions from background sources. 
Uranium increases scaled from particulate matter increases. 

DENIEo3200501 I .DOC 1 of 1 
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Figure A2.2 
Estimated Surface Water Annual Discharge Volume by Location 
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Figure A2.3 
Surface Water Plutonium-239/240 Annual Loads - Measured Data Compared With Projected Future Loads 

1.5E-05 - 

l.OE-05 - 

4.5E-05 

4.0E-05 

3.5E-05 

3.0E-05 

2.5E-05 

2.0E-05 

I I I 
I I I 

I 1 I I 
I I I I 

I I I I1 I I I I I 
I I I I I I I 1 

I I I I 1 
I I I I I I I I I 

I' I 
I' , I 

T 
I 1 I T !  

Pu-239/240 in Surface Water - Estimated Range of Annual Loads 
Historic Data (W1997 - W2004)  Compared With Projected Future Loads 

5.OE-06 - 

I I I I .  

Walnut Creek locations I I  1 - I' Woman Creek locations 

I 

~ 

I I I I I I I I 

I I I I I 1, 

I I 
I 1 

I I' , I 
- ~~ 

I 
SW093- SW093-, GS10- GS10- GS03- GS03- SW027- SW027- GSOl - GSOl - 
Hlstorlc Projected Hlstorlc Projected Hlstorlc Projected Hlstorlc Projected Hlstorlc Projected 

Surface Water Monltorlng Locatlon 

Notes 
Historic loads for each location are the median, maximum (upper error bar), and minimum (lower ermr bar) observed based on volume-weighted Pu-239/240 
concentration data and flow data collected from Water Years 1997 through 2004. 
Pmiected loads for each location are estimated using historic annual median, maximum, and minimum Pu-239/240 concentration data for each location 
multiplied by SWWB model results for each location: 1) Midpoint projection - based on median annual volumeweighted Pu concentration (from October 1996 
through spring 2005) multiplied by SWWB results for WY2000 (13.8 inches, appmx normal annual precipitation depth); 2) Upper-bound projection (upper error 
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inches annual pracipitation depth; 3) Lower- bound projection (lower ermr bar) - based on minimum annual volume-weighted Pu concentration (from October 
1996 through spring 2005) multiplied by SWWB results for dry year (1 1.0 inches annual precipitation depth). See text for details. 
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Figure A2.4 
Surface Water Americium-241 Annual Loads - Measured Data Compared With Projected Future Loads 
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Figure A2.5 
Surface Water Uranium (Total) Annual Loads - Measured Data Compared With Projected Future Loads 
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Pmiected loads for each location are estimated using historic annual median, maximum, and minimum total uranium concantration data for each location 
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Figure A2.17 
Emissions As a Function of Wind Speed - Post-Accelerated Action Condition 
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Background 

238). Of these isotopes, three are naturally present (masses 234, 235, 238), and the 
isotope with mass 236 is present due to reactions that occur within nuclear reactors. 
The RFETS AME project has, therefore, utilized the presence and amount of 236U as the 
indicator of uranium contamination. Uranium isotopic measurements are conventionally 
presented as ratios to 238U, and for the purpose of evaluating isotopic compositions at 
RFETS, we will utilize ratios of atoms. Note that some compositions and ratios in the 
literature utilize the alternative units of mass rather than atoms which results in slight 
shifts in the resulting ratios. 

Uranium processing within the nuclear and defense industrial complex has been 
developed to produce a range of different compositions with differing amounts of 
isotopic components. Primarily these compositions involve enrichment or depletion in 
235U. The three nominal end-member compositions for uranium present at Rocky Flats 
are natural, highly-enriched, and depleted (Table 1 and Figure 1). In general, highly 
enriched uranium was carefully physically controlled, recycled and subject to 
accounting. Depleted uranium was less valuable and substantial amounts were 
discharged to waste treatment systems, with relatively high levels discharged to the 
Solar Ponds. Natural uranium was not directly processed at Rocky Flats, but is present 
in relatively high concentrations in the geologic units that underlie the facility. For 
further information on uranium materials, processing, waste handling, contamination 
releases and environmental characterization, see the RFETS Actinide Migration 
Evaluation Pathway Analysis Summary Report (2002) and supporting Technical 
Appendices. 

Uranium isotopic compositions include four isotopes (masses 234, 235, 236 and 

Requirements & Design 
The purpose of this effort is to quantitatively evaluate the amount (as fractional 

%) of each end-member present in each field sample from RFETS that was analyzed 
for uranium isotopic composition. Accuracy of the calculations is targeted to be within 
2% for the fraction of natural and depleted uranium. 

The compositions presented in Table 1 are accepted as the end-member 
compositions and ratios. Analytical results in ratio format will be used to calculate the 
amount of each end-member. Ranges of measured isotopic ratios and plots of sample 
data from RFETS were used to define the range of compositions that the calculations 
needed to cover (Figure 2). These results showed that only a small amount of the 
potential range of compositions was present in the data, focused on compositions very 
near to the natural and depleted uranium end-members (<I% highly enriched uranium). 
Synthetic mixtures of the end-members can be defined by adding atomic contributions 
for each fraction and then calculating the resulting isotopic ratios. 

A key aspect of geometric evaluation of the amounts of end-members in a three- 
component (triangular) mixing system is the linearity of mixing, in this case on the as a 
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function of isotopic ratios. Natural to depleted mixture trends were demonstrated to be 
linear through calculation of atom mixtures and consequent isotopic ratios (Figure 3). In 
contrast, the mixture of natural (or depleted) uranium with highly enriched uranium is 
highly non-linear (Figure 4) overall, but was found to be very close to linear, but not a 
direct relationship, across the range of 0-1 0% highly-enriched uranium in the mixture. 

member was found to be very small (4% from Figure 1) and less than the accuracy 
target for determination of natural and depleted uranium fractions, calculation of the 
fractional highly-enriched uranium amount can be effectively separated from calculation 
of the fractional amounts of natural and depleted uranium end-members. The strategy 
for calculation of highly enriched uranium end-member is (1) to project the sample point 
to the natural-enriched mix trend along a parallel to the natural-depleted trend [all points 
on the line of projection have equal fractional amounts of highly enriched uranium], (2) 
calculate the fractional distance of the projected sample point along the natural to 
enriched mixture line, and (3) correct the fractional distance into fractional enriched end- 
member using the nonlinear fit relationship from Figure 4. 

transform the coordinate system of the mixture triangle to place natural uranium at the 
origin, depleted uranium along the horizontal axis, and highly enriched uranium along 
the vertical axis. In detail, this strategy utilizes a shift of the compositions downward, 
rotation of the triangle in a counter-clockwise direction, and then skewing the triangle to 
the right to create a right-triangle form. While the most accurate triangular 
transformation would have equal intersection angles with the horizontal axis, the 
extremely tall, narrow, form of this triangle (Figure 1)  and concentration of data near the 
base (Figure 2) makes the right triangle effectively equivalent and makes direct 
measurements simpler. The fractional amount of natural uranium is then calculated by 
difference. An alternative approach is to project each sample point to the natural- 
depleted trend line along a line parallel to the depleted-enriched trend (the equivalent 
approach used for determining the highly enriched end-member fraction), and this 
alternative was used to validate the depleted and natural uranium fractional amount 
results. Note that is latter approach would require a slightly more complex evaluation of 
limits at the extremes of natural and depleted uranium fractions if it was used as the 
primary method of evaluation (see discussion below). 

Because, for these RFETS samples, the amount of highly enriched uranium end- 

The strategy adopted for calculating fraction of depleted end-member was to 

0 

Verification & Validation 
The calculations of end-member fractions were verified and validated 

quantitatively by calculations utilizing isotopic ratios of synthetic trends. Synthetic trend 
sets of mixtures (e.g. those plotted on Figure 2) were calculated for mixing between 
atomic compositions of the end-member components given in Table 1. Atom ratios for 
each mixture were calculated, and then the fraction of each end-member was calculated 
using the approaches defined above. The results of these end-member fraction 
calculations (Table 2) are consistent for most systems with the synthetically specified 
fractions within the range 0-1 % of highly enriched uranium and within 2% accuracy for 
the calculated fraction across all mixtures of depleted and natural uranium. Inaccuracy 
at 1 % to 10% amount of highly-enriched uranium fraction is primarily due to the simple 
approach of determination of natural uranium by difference. 
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A second quantitative validation was achieved by comparing the two methods 
defined above for calculation of depleted uranium fraction. Because some of the 
sample points are just outside the bounds of the defined field for mixing between the 
end-member compositions, the alternative projection approach (Figure 5) gives 
depleted uranium fractions that are up to 10% negative at the 0% fraction limit and up to 
20% lower fractions at the 100% fraction limit. This is due to uncertainties in the 
analytical results (which are not evaluated by these calculations) and real ranges in the 
compositions of depleted and highly enriched uranium "end-member" materials 
produced by DOE and used at RFETS (see particularly the apparent range in 236U/238U 
around the nominal depleted uranium end-member composition plotted in Figure 2 
indicated by the sub-horizontal cluster of samples). 

actual samples from RFETS were qualitatively evaluated by plotting samples on axes 
structured following Figure 2, with sample point (bubble) sizes scaled to the fraction of 
an end-member (Figure 6). Inspection of these three diagrams reveals that the gradient 
of bubble sizes is thoroughly consistent with trends expected across the compositional 
ranges. 

0 

Lastly, the calculations of end-member fractions from isotopic ratio data for all 

Use & Results 

spreadsheet calculations and plots. For fraction of end-member calculations, data must 
be entered for the ratios 235U/238U and U/ U. Geographic plots require entry of 
Northing and Easting location data for each sample. Additional data that is shown on 
plots is uranium concentration (ug/L) and the ratio 234U/238U. Data for each sample is 
entered into a row in the U-Data-Summary worksheet. 

Geographic plots for the data from RFETS water samples analyzed for isotopic 
composition are presented in Figure 7(a-h). The highest fractions of highly enriched 
uranium (between 0.2% and 1 .O%) are found in the area of the Solar Ponds and for one 
sample in the center of the Industrial Area. Other samples from the Walnut Creek 
drainage, the Industrial Area and the Original Landfill area are found to contain 0.05% to 
0.2% fraction of highly enriched uranium. Depleted uranium is more broadly distributed 
within the Industrial Area and at fractions between 0.5% and 100%. In addition, 
samples with substantial fractions (>0.5%) of depleted uranium are found across the 
Walnut Creek and Woman Creek drainages. Below (south) of the 903 Pad site a 
sample location gave consistently high depleted uranium fractions and concentrations of 
270-300 ug/L. Similarly, in the area of the Original Landfill one sample location 
consistently gave >90% depleted uranium fraction and concentrations between 350 and 
750 ug/L. 

Most high concentrations of uranium in water samples correspond to areas with 
the highest fractions of depleted uranium. The highest concentration sample (3000 
ug/L) has calculated fractions of 82% and 0.6% depleted and highly enriched uranium, 
respectively. Samples with concentrations between 250 and 1000 ug/L are distributed 
between fractions of depleted uranium of -100% (4 samples), -50% (4 samples) and 
0% (5 samples). In these samples, highly enriched uranium fraction is approximately 
0.5% in the 5 samples with -50% depleted uranium fraction and lower than 0.13% in 
samples with -1 00% depleted uranium fraction. One of the samples with 0% depleted 

Six pieces of data are required for each sample to apply all functionality of the 

236 238 
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uranium fraction contained 0.03% highly enriched uranium fraction, while another is the 
natural uranium sample with high total concentration from the Rock Creek drainage at 
the northern edge of the site. Similar distributions are found at lower concentrations, 
with higher numbers of samples not containing depleted or highly enriched uranium. 
Conclusions 

for determining and graphically displaying the fractional distribution of uranium end- 
members (natural, depleted and highly enriched) from isotopic analytical results for 
water samples. The approach wasspecifically verified and validated for the range of 
compositions observed for Rocky Flats (0-1% highly enriched uranium fraction, 0-1 00% 
depleted uranium fraction, and 0-1 00% natural uranium fraction). 

Consistent with previous documentation of uranium operations and 
contamination (Kaiser-Hill LLC, 2002), only very small amounts of highly enriched 
uranium are found in a small number of water samples focused in the former Solar 
Ponds complex and central Industrial Area. Depleted uranium is more widely 
distributed and samples contain a relatively complete set of mixtures with natural 
uranium (Figure 5). However, one third of the samples are found to contain no depleted 
or highly enriched uranium component and three quarters of the samples are found to 
contain more than 90% natural uranium - substantial fractions given that the focus of 
these analyses was on evaluating potentially contaminated waters. 

A spreadsheet based computational approach has been developed and tested 

References 
Kaiser-Hill LLC (2002) Actinide Migration Evaluation Pathway Analysis Summary 0 Report, Kaiser-Hill Company, US Department of Energy Rocky Flats Environmental 

Technology Site, Golden, CO, 33p. (a Technical Appendices) 
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Table 1. Isotopic compositions and ratios for three nominal end-members of Uranium 

Natural (U) 0.0057 0.720 0.0000 99.280 
Depleted (DU) 
Highly enriched (HEU) 

Atom % 2 3 4 ~  2351) 2 3 6 ~  2 3 8 u  

0.190 0.00359 99.807 
99.123 0.503 5.374 

2 3 4 ~ 1 2 3 8 ~  235u/238u 2 3 6 ~ 1 2 3 8 ~  

Natural (U) 0.0000574 0.007253 0.000 
Depleted (DU) 
Highly enriched (HEU) 

0.001 90 0.000036 
17.51 3 0.09352 

15 

5 

0 
0 
0 

0 
9 

m 
(u 

8 
ro r- 

0 
9 

0 
0 
--. 
0 

U(238)N(238) 

Figure 1. Triangular area of mixing (green shaded field) between natural, 
2 3 6 ~  depleted and hi hly enriched uranium within the isotopic ratio plot for 

235U relative to %J. The triangular area of mixing has a very short base 
between natural and depleted compositions, with nearly equivalent sides to 
the highly enriched composition. Samples from RFETS are found in the 
lower left of the mixing area, very close to natural and depleted end-member 
compositions (Figure 2). 

, 
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0.025 , 
RFETS AME Uranium Isotopic Analyses 

-d 20.0% 
hlghly ennched 

-+- n+d+eO 05% 

-x- n+d+eO 2% 

+.- n+d+eO 5% 

-x- n+d+el 0% 

-x- n+d20%+e - 
depleted uranium 

m v) W r. 
- n+d4O%+e 

" Z  - n+d6O%+e 

9 8 8 0 8 -n+d80%+e 

0.000 
0 

0 

8 uZ36,"238 

0 x 0 8 8 0 1 rfets ame dat; 

Figure 2. Sample set of uranium isotopic analyses from RFETS in ratio format. 
The lines contain the area of mixing between the end-member compositions 
(Table 1 and Figure I), with natural uranium composition at the left apex, 
depleted uranium at the lower, central apex, and highly enriched uranium 
well to the right, upper corner, of the frame. 

amounts of highly enriched (0.05, 0.2, 0.5, and 1 .O%) or depleted (20,40, 
60, and 80%) uranium are shown with intermediate lines. Comparison of the 
RFETS sample data with these mixing lines shows that the maximum 
fraction of highly enriched uranium end-member is less than 1 .O%. 

Calculated trends for synthetic intermediate mixtures with specified fixed 
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90% - 

80% - 

70% - 

E 60%- b 
~ 50%- 

2 0 5 40%- 
U 

.- - 

30% - 

20% - 
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D.R. Janecky 

evaluation of mix linearitywith depleted U 

4 

*e.* 
4 

4 

* 
4 

- R e  

4 
0 

4 

c 

*lw 

, y = 1.0009x 
4 

a R2 = 1 

4 

I A -  * 
0% 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

depleted actual 

Figure 3. Evaluation of mixing trend from natural to depleted uranium 
compositions (Table 2, second set). The figure shows the accuracy of a 
linear fit across the entire mixing range from natural to depleted uranium by 
comparing results for specific fractional mixes (diamond symbols) with a 
linear fit (dashed gray line), and the calculated equation of the fit line and 
measure of goodness of fit (R2). Therefore, the shifts found on atom ratio 
plots (e.g. Figures 1 & 2) are linear between these end-member 
compositions. 
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Note that both mixtures fmm natural uranium and depleted uranium cornpositions 
to enriched uranium follow 4rtually the same nonlinear trend. 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 
enrlched actual 

100% 

-Series1 I _ _ _ _  Linear(Seriesl)l evaluation of mix linearity with enriched U 

0.0% 0.1% 0.2% 0.3% 0.4% 0.5% 0.0% 
enrlched linear fit between ratlo end members 

Figure 4. Evaluation of mixing trend from 100% natural (or 100% depleted) to 100% 
highly enriched uranium compositions. Estimated fraction of highly enriched 
uranium is calculated from isotopic ratio compositions, and compared on the plots 
to synthetic mix compositions. Because the compositions are mixtures of multiple 
isotopes, the shifts found on the atom ratio plot (e.g. Figure 1) are nonlinear. The 
upper plot demonstrates that mixing from natural and depleted end-members are 
very similar. The lower figure shows the accuracy of a linear fit between 0% and 
10% highly enriched uranium is very good, with a factor of 17.07. 
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Table 2. Evaluation calculations for fractions of end-members for 
synthetic mixture compositions. 

synthetic ratios 
~2361~238 

QC checks 
Set 1: natural plus 
e0.00% 
e0.01% 
e0.05% 
eo. 10% 
e0.20% 
e0.50% 
e6.00% 
e7.50% 
e9.00% 
e10.00% 
e20.00% 
e30.00% 
e40.00% 
e50.00% 
e60.00% 
e70.00% 
e80.00% 
e90.00% 
e100.00% 

0.00000000 
0.00000051 
0.00000253 
0.00000507 
0.00001 01 4 
0.00002543 
0.00032204 
0.00040869 
0.00049804 
0.00055915 
0.00124876 
0.00212051 
0.00325754 
0.00480266 
0.00702364 
0.01 048806 
0.01 664609 
0.03063714 
0.09352000 

Set 2: natural plus 
d0.00% 0.00000000 
d0.01% 0.00000000 
d0.05% 0.00000002 
d0.10% 0.00000004 
d0.20% 0.00000007 
d l  .OO% 0.00000036 
d10.00% 0.00000362 
d25.00% 0.00000904 
d50.00% 0.00001805 
d75.00% 0.00002704 
d100.00% 0.00003600 

~2351~238 

0.007253 
0.007348 
0.007727 
0.008202 
0.0091 52 
0.01 201 4 
0.067534 
0.083755 
0.1 00479 
0.1 11919 
0.241005 
0.404185 
0.617022 
0.906250 
1.321 989 
1.970484 
3.123189 
5.7421 33 

17.513000 

0.007253 
0.007252 
0.007250 
0.007248 
0.007242 
0.007199 
0.00671 5 
0.005909 
0.004569 
0.003233 
0.001900 

% fractions calculated 
depleted enriched natural 

I 0.00% 0.0092% 99.9908% I 
I 0.00% 0.0462% 99.9538% I 
I 0.00% 0.0923% 99.9077% I 
I 0.00% 0.1849% 99.8151% I 
I 0.00% 0.4635% 99.5365% I 
I 0.00% 5.8688% 94.1312% I 
I 0.00% 7.4480% 92.5520% I 
I 0.00% 9.0763% 90.9237% I 

0.00% I 10.1901% I 89.8099% 
0.00% I 22.7576% I 77.2424% 
0.00% I 38.6444% I 61.3556% 
0.00% I 59.3658% I 40.6342% 
0.00% I 87.5243% I 12.4757% 

~~ ~ I 0.01% 0.0000% 99.9899% I 

I 0.10% 0.0000% 99.8995% I 
I 0.20% 0.0000% 99.7989% I 
I 1.01% 0.0000% 98.9947% I 
I 10.05% 0.0000% 89.9523% I 
I 25.10% 0.0000% 74.9006% I 
I 50.13% 0.0000% 49.8677% I 
I 75.10% 0.0000% 24.9009% 1 

I 0.05% 0.0000% 99.9497% I 

I 100.00% 0.0000%, 0.0000% I 

Notes: 
Orange highlighted cells indicate calculations beyond the range of the linear fit developed in Figure 4. 
Pink highlighted cells indicate calculation results that are negative and beyond the specified accuracy 

target of 2%. 
Yellow highlighted cells indicate calculation results for fraction natural uranium that are less than or 

equal to 0%, but within the 2% accuracy target specified. 
Green highlighted cells indicate calculation results where the fraction of natural and depleted uranium is 

within the specified accuracy target of 2% and the fraction of highly-enriched uranium within the linear 
fit range. 
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99.57% 7.4089% 
99.47% 9.0286% 

Table 2 (continued). Evaluation calculations for fractions of end-members for 
synthetic mixture compositions. 

-6.9742% 
-8.4988% 

e0.00% 
e0.010% 
eo. 050% 
eo. 100% 
eo. 200% 
e0.500% 
e l  .OO% 
e2.50% 
e5.000% 
e6.000% 
e7.500% 
e9.000% 
e10.000% 
e20.000% 
e30.000% 
e40.000% 
e50.000% 

99.57% 7.4089% 
99.47% 9.0286% 

synthetic ratios 

-6.9742% 
-8.4988% 

~2361~238 

Set 3: depleted plus 

e60.000% 
e70.000% 
e80.000% 
e90.000% 
e100.000% 

0.00003600 
0.00003650 
0.00003852 
0.00004104 
0.00004609 
0.00006129 
0.00008682 
0.00016490 
0.00030020 
0.00035622 
0.00044239 
0.00053123 
0.00059201 
0.00127778 
0.00214476 
0.00327569 
0.00481 276 
0.00702265 
0.01 047086 
0.01660342 
0.03055246 
0.09352000 

~2351~238 

0.001900 
0.001994 
0.002372 
0.002844 
0.003789 
0.006637 
0.01 1420 
0.026045 
0.051389 
0.061882 
0.078023 
0.094665 
0.106049 
0.234506 
0.396905 
0.608747 
0.896667 
1.310615 
1.956522 
3.1 05251 
5.718137 

17.513000 

Set 4: natural plus 20% depleted plus 
e0.000% 0.00000723 0.0061 78 
e0.010% 0.00000774 0.006272 
e0.05% 0.00000976 0.006651 
e0.100% 0.00001230 0.007124 
e0.200% 0.00001738 0.008073 
e0.500% 0.00003267 0.010929 
e6.000% 0.00032934 0.066326 
e7.500% 0.00041601 0.082510 
e9.000% 0.00050536 0.099196 
e10.000% 0.00056648 0.1 10609 

Notes: 

% fractions calculated 
depleted enriched natural 

I 100.00% 0.0000% I 0.0000% I 

I 99.97% 0.461 1 % -0.4340% I 
1 99.95% 0.9265% -0.8722% I 

99.86% 2.3500% 1 -2.21 21 % 
99.72% 4.8166% I -4.5340% 
99.66% 5.8379% I -5.4954% j 

~ 

97.74% I 38.4451% -36.1893% 
96.53% I 59.0632% -55.5977% 
94.89% I 87.0859% -81.9762% 
92.53% I 127.3746% -1 19.9009% 
88.84% 1 190.2395% -179.0773% 

I 20.08% 0.0000% 79.9152% I 
I 20.09% 0.0092% 79.9041% I 
I 20.09% 0.0461 % 79.8596% 1 
I 20.10% 0.0923% 79.8039% I 
I 20.12% 0.1 847% 79.6925% I 

1 21.29% 5.8622% 72.8459% 1 
I 71 63% 7 4395% 7n 94380/n I 

I 20.18% 0.4630% 79.3568% I 

(21.95% 9.0657% 68.9827% I 
22.18% 1 10.1781% I 67.6413% 

Orange highlighted cells indicate calculations beyond the range of the linear fit developed in Figure 4. 
Pink highlighted cells indicate calculation results that are negative and beyond the specified accuracy 

Yellow highlighted cells indicate calculation results for fraction natural uranium that are less than or 

Green hiahlinhted cells indicate calculation results where the fraction of natural and depleted uranium is 

target of 2%. 

equal to 0%, but within the 2% accuracy target specified. 

within Ge specified accuracy target of 2% and the fraction of highly-enriched uranium within the linear 
fit range. 
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Figure 5. Comparison in RFETS sample data for fraction calculated of depleted 
uranium end-member in mixtures with natural uranium end-member for the 
two independent approaches to geometric transformation as described in 
text. The two methods give effectively identical results, except for samples 
at extremes of the mix area, where the transformation calculations have 
limits of 0-1 00% fractions enforced and the shift to natural-depleted mix line 
calculations do not have such real, physical limits enforced. 
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Figure 6. Qualitative evaluation of consistency in fraction evaluation results 
within the plot framework of Figure 2. Bubble size is proportional to the 
amount of each respective component calculated. 
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Figure 7b. Distribution of water samples analyzed for uranium isotopic composition by HR-ICPIMS or TIMS, focused 
on the Industrial Area. 
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RFETS AME data - Uranium enriched fraction 
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Figure 7c. Distribution of highly enriched uranium fraction geographically as a function of percent ranges. 
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Figure 7h. Distribution of uranium concentrations geographically focused on the Industrial Area as a function of ug/L 
ranges. 
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Table 3. Summary of Uranium isotopic data and calculated % fractions of end- @ members (attached printout on following pages) 

236U/23 U ratios of 1x10-I1 and the cells highlighted in pink. 
Sam les with reported 236U concentrations of below detection limits were as'signed f 
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Table 3. Summary of Uranium isotopic data and calculated % fractions of end-members 

SUMMARY OF URANIUM DATA ANALYZED BY lCP/MS AND TlMS (Real data only - n o  QA 

Sample Sample Locations Easting Norlhing Sample Date U ug/l 234/238 
001 93 2088288.2 747793.9 6/24/1999 89.1 6.9160E-05 

a 
16-10 
1875 
7-114 
14-180 
16-1 1 

9-154 
14-181 
5238 
17-256 
21-85 
9-155 
14-182 
8228 
17-250 
17-257 
16-13 

9-156 
14-183 
16-14 
1577 
9-157 
14-184 
13-158 
16-15 
1578 
11-158 
14-185 
16-2 
1 E63 
7-1 15 
14-225 

1 876 

1873 

7-116 
14-186 
16-18 

11-159 
15187 
16-19 

11-160 
15188 
5246 
16-20 

1880 

1881 

1 882  
7-117 
15189 
17-251 

I 16-21 
11-161 
16-22 
21-86 
11-162 
15190 
16-247 
16-3 
16-66 
7-119 
14-175 
16-24 
21-87 
7-120 
15-191 
21-88D 

I 

e! 
15192 
5242 

001 93 
00193 
00193 
00491 
00491 
00491 
00491 
00897 
00897 
00997 
00997 
00997 
00997 
01791 
02291 
0386 
0386 
0386 
0386 
03991 
03991 
03991 
03991 
0487 
0487 
0487 
0487 
0487 

04991 
04991 
04991 
05093 
05193 
0586 

06291 
06291 
06291 
06291 
06491 
06491 
06491 
06491 
07391 
07391 
07391 
07391 
07391 
07991 
07991 
07991 
07991 
09691 
10294 
10294 
10394 
10394 
10394 
10394 
10492 
10592 
10592 
10592 
10592 
10594 
10594 
10594 
10594 
10694 
10694 
10694 
10694 
10694 
10894 

2088288.2 
2088288.2 
2088288.2 
2086806.9 
2086806.9 
2086806.9 
2086806.9 
2086154.0 
2086154.0 
2088788.0 
2088788.0 
2088788.0 
2088788.0 
2086018.0 
2086139.0 
2093777.9 
2093777.9 
2093777.9 
2093777.9 
20884492 
20884492 
20884492 
20884492 
2084886.8 
2084886.8 
2084886.8 
2084886.8 
2084886.8 
2088844.1 
2088844.1 
2088844.1 
2085231.1 
2085224.7 
2089775.8 
2091 094.2 
2091 094.2 
2091 094.2 
2091 094.2 
2093867.3 
2093867.3 
2093867.3 
2093867.3 
2085827.2 
2085827.2 
2085827.2 
2085827.2 
2085827.2 
2087442.7 
2087442.7 
2087442.7 
2087442.7 
2086038.2 
2093691.2 
2093691.2 
2093663.7 
2093663.7 
2093663.7 
2093663.7 
208381 2.4 
2083724.8 
2083724.8 
2083724.8 
2083724.8 
2086746.5 
2086746.5 
2086746.5 
2086746.5 
2088757.1 
2088757.1 
2088757.1 
2088757.1 
2088757.1 
2092348.3 

747793.9 
747793.9 
747793.9 
748645.4 
748645.4 
748645.4 
748645.4 
74971 3.0 
749713.0 
751 503.0 
751 503.0 
751503.0 
751 503.0 
749504.0 
749879.9 
750543.4 
750543.4 
750543.4 
750543.4 
750400.9 
750400.9 
750400.9 
750400.9 
747943.1 
747943.1 
747943.1 
747943.1 
747943.1 
749551.1 
749551.1 
749551.1 
750804.2 
750483.6 
753703.3 
751639.0 
751639.0 
751639.0 
75 1639.0 
751192.9 
751 192.9 
751192.9 
751192.9 
748547.5 
748547.5 
748547.5 
748547.5 
748547.5 
749541.1 
749541.1 
749541.1 
749541.1 
748571.9 
742318.9 
742318.9 
744946.9 
744946.9 
744946.9 
744946.9 
747677.9 
747715.8 
747715.8 
747715.8 
747715.8 
752124.3 
752124.3 
752124.3 
7521 24.3 
752659.0 
752659.0 
752659.0 
752659.0 
752659.0 
753948.2 

12/1/1999 
2/2/2000 
6/12/2000 
811011999 
12/6/1999 
1/20/2000 
4/21/2000 
1/31/2001 
7/9/2002 
12/9/1999 
1/20/2000 
4/18/2000 
7/28/2000 
6/24/2002 
7/3/2002 
7/26/1999 
10/14/1999 
2/10/2000 
4/20/2000 
7/14/1999 
12/1/1999 
1/24/2000 
4/17/2000 

7/14/1999 
12/1/1999 
1/19/2000 
4/13/2000 
6/17/1999 
12/2/1999 
2/1/2000 
4/3/2002 
4/8/2002 
6/19/2002 
612411 999 
127111 999 
2/22/2000 
6/7/2000 
7/15/1999 
12/2/1999 
1/24/2000 
4/20/2000 
8/26/1999 
12/1 /I 999 
1/13/2000 
6/19/2000 
3/6/2001 
6/28/1999 
12/1/1999 
2/3/2000 

6/19/2000 
6/18/2002 
7/22/1999 
1/19/2000 
8/30/1999 
11/4/1999 
2/11/2000 
4/21/2000 
6/20/2002 
6/17/1999 
11/2/1999 
2/10/2000 
5/22/2000 
6/22/1999 
12/7/1999 
2/7/2000 
6/8/2000 

6/21/1999 
12/7/1999 
2/7/2000 
6/8/2000 
1/31 12001 

83.4 
80.0 
74.4 
11.8 
12.6 
12.4 
13.2 
7.0 
7.1 

16.0 
11.6 
13.2 
11.8 
7.0 
7.3 

24.0 
22.4 
22.0 
26.1 

3.4 
3.5 
3.4 
3.7 

33.3 
33.6 
30.9 
34.1 
31.7 
9.6 
9.8 
8.2 

226.5 
170.1 
91.8 
19.2 
19.2 
18.8 
18.7 
50.7 
47.5 
50.7 
52.2 

268.6 
282.6 
297.2 
300.2 
278.0 
27.0 
27.6 
29.8 
17.4 
30.5 
53.6 
32.5 
5.9 
6.3 
8.6 
6.2 

26.8 
28.2 
28.8 
31.7 
32.5 

108.1 
128.0 
132.5 
123.1 
17.5 
19.9 
16.4 
18.6 
53.1 
5.1 

8.1820E-05 
7.8420E-05 
7.6920E-05 
8.2570E-05 
8.0690E-05 
7.9460E-05 
7.7480E-05 

9.2322E-05 
7.4600E-05 

8.5640E-05 
7.7341 E-05 
6.2819E-05 

7.0660E-05 
8.4830E-05 

6.8790E-05 
8.3840E-05 
7.2940E-05 

8.9980E-05 
7.5901 E-05 
6.6830E-05 

8.2670E-05 
7.5620E-05 

8.8650E-05 
1.1460E-04 
7.2688E-05 
1.1800E-04 
1.2227E-04 
1.1940E-04 

1.2940E-04 
1.2480E-04 
7.1240E-05 

8.7067E-05 

8.2230E-05 

8.81 30E-05 

7.3020E-05 

8.8230E-05 

7.5470E-05 

9.8520E-05 

1.2240E-04 

8.9200E-05 
8.6460E-05 
8.6660E-05 
1.7820E-05 
1.8850E-05 
1.4840E-05 
1.5410E-05 

6.9090E-05 
7.4360E-05 
7.6600E-05 

8.6189E-05 
6.1580E-05 

6.7410E-05 
6.2940E-05 

7.3670E-05 
8.2865E-05 

8.5980E-05 
7.6300E-05 
8.2490E-05 
7.808OE-05 
8.3700E-05 
8.8160E-05 
7.9870E-05 

6.8890E-05 
6.6980E-05 
8.6230E-05 
7.6600E-05 
6.8914E-05 

2.2527E-05 

8.3890E-05 

7.1 WOE-05 

8.3400E-05 

8.3330E-05 

6.8030E-05 

data included) 

235/238 236/238 

7.4649E-03 -2.0090E-07 
7.1877E-03 1.5710E-07 

7.0708E-03 
7.0580E-03 
7.3969E-03 
7.4857E-03 
7.3992E-03 
7.2977E-03 
7.0064E-03 
7.2495E-03 
6.2985E-03 
7.3783E-03 
7.1644E-03 
7.4893E-03 
6.031 1E-03 
7.2690E-03 
7.4284E-03 

7.0283E-03 
7.2683E-03 

-1.2330E-06 
-8.3600E-07 
4.8500E-07 
-5.2020E-07 

-1.4510E-06 
1.8784E-06 

-7.6960E-08 

1.7929E-06 
-1 2220E-06 
1.3230E-06 

2.5393E-06 
6.6094E-06 

3.5090E-07 

-2.6863E-07 
-2.88 1 OE-07 
-1.8750E-06 
-1.5650E-06 

7.1302E-03 -2.2160E-06 
6.9037E-031 l.OOO0E-111 
6.9305E-03 1.6530E-06 
6.8650E-03 6.0000E-07 
6.9433E-03 1.942OE-06 
7.3466E-03 2.5930E-06 
6.81 14E-03 2.0710E-06 
7.4979E-03 7.4020E-07 
7.2653E-031 1.0000E-ll] 
7.2572E-03 -1.6320E-06 
7.1308E-03 
6.8804E-03 
7.3167E-03 

1.1860E-02 
6.9006E-03 

7.1074E-03 
7.2252E-03 
7.0468E-03 
7.3136E-03 
7.9229E-03 
7.1637E-03 

7.6463E-03 

6.8502E-03 

7.3263E-03 
3.0211E-03 
2.7884E-03 
2.8006E-03 
2.6144E-03 

6.3483E-03 
6.2976E-03 

6.4506E-03 
7.1409E-03 

7.3066E-03 
6.8999E-03 

7.0076E-03 
6.8292E-03 
7.5049E-03 

7.5793E-03 

7.2078E-03 

2.9132E-03 

6.2163E-03 

7.3194E-03 

6.2123E-03 

7.3639E-03 

7.0756E-03 

-7.5500E-07 
-2.0870E-06 
9.7680E-07 
6.5481 E-05 
7.4114E-05 
9.801 2E-07 

-1.0320E-06 
-1.8650E-06 
-3.81 30E-07 
-7.2670E-07 
-2.02 1 OE-07 
5.8460E-07 

-1 2930E-07 

3.5700E-05 
3.5470E-05 

-7.9290E-07 

4.2400E-05 
2.61 90E-05 
3.6445E-05 
3.121 OE-05 
2.9080E-05 
2.11 1 OE-05 
3.1930E-05 

-1 S337E-07 

3.9650E-07 
5.1100E-07 

3.1780E-06 
6.7160E-08 

1.6370E-06 
-9.8730E-07 

6.1630E-07 

-3.3370E-07 

3.6860E-07 

9.2615E-08 

-2.7440E-07 

7.0356E-03 5.4400E-08 
7.2166E-031 1.0000E-111 
7.1358E-03 -1.3200E-06 
7.3248E-03 6.0600E-07 
6.1841E-03 -5.2580E-07 
6.7089E-03 3.1 190E-06 
6.8053E-03 8.1550E-09 
7.0879E-03 -9.1160E-07 
7.2739E-03 3.0260E-06 
6.5983E-03 7.572 1 E-06 

normalize to % fractions (remove 
<o B >loo%) 

depleted enriched natural 
0.8% 0.00% 99.2% 
0.0% 0.01% 100.0% 
0.0% 0.00% 100.0% 
0.3% 0.00% 99.7% 
0.0% 0.00% 100.0% 
0.0% 0.01% 100.0% 
0.0% 0.01% 100.0% 
0.0% 0.00% 100.0% 
4.9% 0.00% 95.1% 
2.8% 0.01% 97.2% 
6.0% 0.00% 94.0% 
1.0% 0.02% 99.0% 
1.3% 0.00% 98.7% 
2.0% 0.03% 98.0% 
20.3% 0.00% 79.7% 
0.0% 0.00% 100.0% 
0.0% 0.01% 100.0% 
0.0% 0.00% 100.0% 
0.0% 0.00% 100.0% 
0.0% 0.00% 100.0% 
2.9% 0.00% 97.1% 
5.2% 0.00% 94.8% 
2.3% 0.00% 97.7% 
5.6% 0.00% 94.4% 
3.2% 0.03% 96.7% 
6.9% 0.00% 93.1% 
0.0% 0.02% 100.0% 
0.0% 0.00% 100.0% 
0.0% 0.00% 100.0% 
0.0% 0.00% 100.0% 
0.0% 0.00% 100.0% 
1.0% 0.01% 99.0% 

98.1% 0.55% 13% 
76.6% 0.85% 22.5% 
4.4% 0.00% 95.6% 
1.7% 0.00% 98.3% 
0.0% 0.00% 100.0% 
0.0% 0.00% 100.0% 
0.6% 0.00% 99.4% 
0.0% 0.00% 100.0% 
0.0% 0.04% 100.0% 
0.5% 0.00% 99.5% 
0.0% 0.00% 100.0% 

90.3% 0.06% 9.7% 
91.8% 0.04% 8.1% 

100.0% 0.10% -0.1% 
78.9% 0.00% 21.1% 
92.3% 0.06% 7.6% 
55.8% 0.20% 44.0% 
52.9% 0.18% 46.9% 
41.3% 0.11% 58.6% 
56.1% 0.21% 43.7% 
0.7% 0.00% 99.3% 
0.0% 0.00% 100.0% 
0.2% 0.01% 99.8% 
3.7% 0.00% 96.3% 
9.2% 0.00% 90.8% 
6.9% 0.01% 93.0% 
3.6% 0.00% 96.4% 
0.0% 0.01% 100.0% 
1.6% 0.02% 98.4% 
0.0% 0.01% 100.0% 
1.0% 0.00% 99.0% 
0.0% 0.00% 100.0% 
1.9% 0.00% 98.1% 
0.3% 0.00% 99.7% 
0.0% 0.00% 100.0% 
0.3% 0.01% 99.6% 
8.0% 0.00% 92.0% 
9.3% 0.00% 90.7% 
3.7% 0.00% 96.3% 
0.0% 0.00% 100.0% 
4.5% 0.03% 95.5% 

17.1% 0.03% 82.8% 
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Table 3. Summary of Uranium isotopic data and calculated % fractions of end-members. 

SEP 
2047 
7-123 
15193 
15232 
15236 
20-27 

11-163 
14-176 
20-28 
21-90 
11-164 
14-179 
15233 
20-30 

i 872 

1 a84 
7-125 
15194 
16-4 
18-67 
11-169 
18221 
20-31 
21-91 
7-126 
151 95 
16-9 

21-92 
7-127 
151 96 

7-128 
21-93 

14-177 
16-241 
5236 
20-34 

11-165 
15198 
20-35 
21-94 
11-166 
15199 
15235 
SEP 

1874 

17-253 
17-254 
SEP 
l a 5 5  
a i 2 9  
15200 
16-246 
5237 
14-223 
16-5 
l a 6 9  
14-178 
20-37 

16-201 
16-7 
18-65 
E131 
14-174 

a i 3 0  

a i 3 2  
16-202 

11294 
11294 
12191 
1386 
1586 
1586 
1586 
1586 
1586 

20098 
22996 
22996 
22996 
22996 
23296 
23296 
23296 
23296 
23296 

308-P-2 

308-P-2 
308-P-2 

3586 
3586 
3586 
3586 
36391 
36391 
36391 
36391 
37791 
37791 
37791 
37791 
37991 
37991 
37991 
37991 
4087 
4087 
4087 

41099 
41199 
41591 
41591' 
41591 
41591 
41691 
41691 
41691 
41691 
41691 
42993 
4386 
4387 

43993 
43993 
43993 
43993 
5187 
5287 
5287 
52894 
52894 
52894 
53194 
53194 
53194 
5387 
5387 
5387 
5387 
58793 
59093 
59393 
59393 
59393 
59393 

308-P-2 

2074305.0 
2074305.0 
2 0 8 6 94 9.4 
2086051.2 
208581 1.7 
208581 1.7 
208581 1.7 
208581 1.7 
208581 1.7 
2084239.0 
2084557.0 
2084557.0 
2084557.0 
2084557.0 
2087624.0 
2087624.0 
2087624.0 
2087624.0 
2087624.0 
2084580.2 
2084580.2 
2084580.2 
2084580.2 
2086219.1 
208621 9.1 
2086219.1 
208621 9.1 
2084294.0 
2084294.0 
2084294.0 
2084294.0 
2083753.4 
2083753.4 
2083753.4 
2083753.4 
2084731.0 
2084731.0 
2084731.0 
2084731.0 
2084822.6 
2084822.6 
2084822.6 
2084451.6 
2084467.7 
2093914.0 
2093914.0 
2093914.0 
2093914.0 
2093851.2 
2093851.2 
2093851.2 
2093851.2 
2093851.2 
2084552.4 
2085868.9 
2084787.9 
2084908.9 
2084908.9 
2084908.9 
2084908.9 
2083850.3 
2084066.7 
2084066.7 
2085098.9 
2085098.9 
2085098.9 
2086036.6 
2086036.6 
2086036.6 
2083912.0 
2083912.0 
2083912.0 
2083912.0 
2080605.3 
2079327.0 
2081489.1 
2081489.1 
2081489.1 
2081489.1 

749435.2 
749435.2 
749774.2 
751856.5 
751852.0 
751852.0 
751852.0 
751852.0 
751852.0 
751291.0 
749188.0 
749188.0 
749188.0 
749188.0 
750683.0 
750683.0 
750683.0 
750683.0 
750683.0 
752051.8 
752051.8 
752051.8 
752051.8 
750167.1 
750167.1 
750167.1 
750167.1 
748042.1 
748042.1 
748042.1 
748042.1 
748591.8 
748591.8 
748591.8 
748591.8 
748063.1 
748063.1 
748063.1 
748063.1 
753142.6 
753142.6 
753142.6 
749207.8 
749052.1 
748799.8 
748799.8 
748799.8 
748799.8 
753470.3 
753470.3 
753470.3 
753470.3 
753470.3 
750748.0 
749404.1 
748029.5 
750486.4 
750486.4 
750486.4 
750486.4 
748102.8 
748145.1 
748145.1 
753221.6 
753221.6 
753221.6 
753434.3 
753434.3 
753434.3 
747985.0 
747985.0 
747985.0 
747985.0 
7475 11.5 
747350.2 
747555.2 
747555.2 
747555.2 
747555.2 

6/23/1999 
2/15/2000 
6/24/2002 
11/4/2004 

6/22/1999 
2/10/2000 
6/13/2000 
5/22/2002 
6/17/2002 
8/11/1999 
11/3/1999 
2/15/2000 
6/16/2000 
8/17/1999 
10/28/1999 
2/16/2000 
4/17/2000 
5/22/2002 
6/24/1999 
12/2/1999 
2/22/2000 
4/17/2000 
6/17/1999 
1011 911 999 
1/31/2000 
5/18/2000 
6/28/1999 
12/1/1999 
2/3/2000 
6/16/2000 
6/18/1999 
1 2/2/1999 
2/8/2000 
6/12/2000 
12/1/1999 
1 /20/2000 
6/19/2000 
8/24/2000 
6/17/1999 
1/14/2000 
4/20/2000 
6/18/2002 
2/1/2001 
8/12/1999 
10/19/1999 
2/16/2000 
4/20/2000 
7/27/1999 
12/7/1999 
1/5/2000 

4/24/2000 
5/28/2002 

6/20/2002 
6/25/2002 

6/26/1999 
2/28/2000 
5/9/2000 
6/28/2002 
1/31/2001 
611 012002 
6/17/1999 
8/26/1999 
5/22/2000 
6/28/1999 
2/7/2000 
6/13/2000 
611 711999 
12/1/1999 
2/10/2000 
6/22/2000 
2/15/2005 
6/20/2002 
6/22/1999 
1 2/7/1999 
2/8/2000 
6/12/2000 

1 .o 
0.9 
4.3 

18.0 
62.2 
70.7 
63.5 
55.4 
57.3 
92.4 
8.7 
8.7 
0.5 

10.5 
29.4 
33.7 
2.7 

40.1 
42.2 
45.0 
55.4 
53.6 
55.2 
11.1 
9.0 
8.7 
6.9 

26.0 
31.3 
31.4 
30.0 
26.3 
28.9 
27.2 
28.7 
54.1 
48.1 
51.0 
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Table 3. Summary of Uranium isotopic data and calculated % fractions of end-members. 
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1.8820E-06 

2.7860E-05 
2.4970E-05 
2.9700E-05 
5.1200E-05 
5.4670E-05 

-3.9860E-07 

2.9800E-05 

6.5310E-05 
6.3040E-05 
4.4700E-05 
5.3990E-05 
4.8900E-05 
3.8160E-05 
1.1923E-07 
1.1600E-06 

0.0% 0.00% 100.0% 
0.0% 0.01% 100.0% 
1.6% 0.00% 98.4% 
0.0% 0.00% 100.0% 
0.0% 0.00% 100.0% 
1.8% 0.01% 98.2% 

100.0% 0.11% -0.1% 
100.0% 0.13% -0.1% 
92.8% 0.00% 7.2% 

100.0% 0.06% -0.1% 
0.6% 0.00% 99.4% 
0.0% 0.00% 100.0% 
7.7% 0.06% 92.2% 
5.2% 0.06% 94.8% 
7.4% 0.05% 92.5% 
2.9% 0.01% 97.1% 

23.7% 0.09% 76.2% 
23.4% 0.06% 76.5% 
23.6% 0.09% 76.3% 
22.1% 0.08% 77.8% 
30.9% 0.11% 69.0% 

100.0% 0.47% -0.5% 
0.5% 0.00% 99.5% 
1.0% 0.01% 99.0% 
0.0% 0.00% 100.0% 
0.0% 0.00% 100.0% 
0.0% 0.00% 100.0% 
0.0% 0.00% 100.0% 
0.0% 0.07% 99.9% 
0.0% 0.00% 100.0% 
0.0% 0.00% 100.0% 
0.0% 0.02% 100.0% 
0.0% 0.00% 100.0% 
0.0% 0.03% 100.0% 
0.0% 0.01% 100.0% 
0.0% 0.00% 100.0% 
0.0% 0.02% 100.0% 
0.0% 0.00% 100.0% 
0.0% 0.00% 100.0% 
0.0% 0.02% 100.0% 
0.0% 0.00% 100.0% 
1.0% 0.01% 99.0% 
0.3% 0.00% 99.7% 
0.9% 0.00% 99.1% 
6.9% 0.07% 93.0% 

20.1% 0.11% 79.8% 
18.7% 0.12% 81.2% 
0.5% 0.06% 99.4% 
0.0% 0.00% 100.0% 
0.1% 0.00% 99.9% 
0.0% 0.00% 100.0% 
4.6% 0.01% 95.4% 

21.5% 0.04% 78.5% 
0.4% 0.00% 99.6% 
0.0% 0.00% 100.0% 

22.1% 0.04% 77.8% 
27.5% 0.06% 72.4% 
2.9% 0.00% 97.1% 
9.1% 0.03% 90.9% 
0.0% 0.00% 100.0% 
0.2% 0.00% 99.8% 
1.2% 0.00% 98.8% 
1.6% 0.02% 98.4% 
0.0% 0.00% 100.0% 
3.8% 0.01% 96.2% 
62.0% 0.14% 37.8% 
56.9% 0.13% 42.9% 
55.1% 0.09% 44.8% 
58.5% 0.16% 41.3% 
85.2% 0.37% 14.4% 
88.4% 0.42% 11.2% 

100.0% 0.46% -0.5% 
100.0% 0.46% -0.5% 
44.0% 0.53% 55.5% 
59.3% 0.59% 40.1% 
54.4% 0.53% 45.0% 
41.2% 0.43% 58.4% 

0.0% 0.02% 100.0% 
1.2% 0.01% 98.7% 



Table 3. Summary of Uranium isotopic data and calculated % fractions of end-members. 
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8.0026E-03 3.2000E-06 0.0% 0.07% 99.9% 
7.9051E-03 2.8000E-06 0.0% 0.06% 99.9% 

6.9444E-03 2.6000E-06 6.6% 0.00% 93.4% 
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This section summarizes the Remedial Investigation (RI) for the Rocky Flats 
Environmental Technology Site (RFETS or site), including the nature and extent of 
contamination evaluations, fate and transport evaluation, and the Comprehensive Risk 
Assessment (CRA), and presents conclusions of the RI. 

The nature and extent of contamination evaluations considered the following 
environmental media: soil, groundwater, surface water, sediment, and air. These 
evaluations were conducted to show the types of analytes remaining in the environmental 
media and their extent at RFETS following the Rocky Flats Cleanup Agreement (RFCA) 
accelerated actions. The fate and transport evaluated the processes by which the analytes 
remaining in the environmental media are transported and distributed in the RFETS 
environment and whether the analytes may impact surface water quality. 

The CRA consists of two parts: a Human Health Risk Assessment (HHRA) and an 
Ecological Risk Assessment (ERA) and presents the risks remaining at RFETS following 
completion of the RFCA accelerated actions. The US.  Environmental Protection Agency 
@PA) considers environmental concentrations corresponding to a to cancer risk 
range and a total noncancer hazard index (HI) less than or equal to 1 to be adequately 
protective of human health (NCP 1990, and EPA 1989, respectively). The Colorado 
Department of Public Health and the Environment (CDPHE) defines acceptable human 
health risk as a lifetime excess cancer risk less than 1 x 
carcinogenic compounds andor a hazard quotient less than 1.0 for noncarcinogenic 
compounds (CDPHE 1994). The purpose of the HHRA is to identify whether site 
concentrations meet EPA’s and CDPHE’s goals for the protection of human health. 

v 

from exposure to 

The overall risk management goal identified for use in the ERA, as stated in the CRA 
Methodology, is the following: 

’ “Site conditions due to residual contamination should not represent 
signifcant risk of adverse ecological efsects to receptors from exposure to 
Site-related residual contamination. ’’ 

The ERA was designed and implemented to determine whether site conditions meet the 
defined goal. 

8.1 Components of the RI 

The RI consists of the nature and extent of contamination evaluation, fate and transport 
evaluation, and CRA for environmental media at R E T S .  Table 8.1 presents a summary 
of the RI. 

The first column in Table 8.1 presents the nature and extent of analytes of interest (AOIs) 
by medium. The purpose of identifying AOIs was to focus the nature and extent 
evaluation on constituents that were detected at concentrations that may contribute to the 
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risk to future receptors and to show overall spatial and temporal trends of those 
constituents on a sitewide basis. 

Sections 3.0 through 6.0 of this report define the nature and extent of soil, groundwater, 
surface water, sediment, and air for all areas within the RFETS boundary after 
completion of RFCA accelerated actions.' Soil and sediment AOIs are those analytes 
with concentrations greater than wildlife refuge worker (WRW) preliminary remediation 
goals (PRGs). WRW PRGs were developed using a hazard quotient (HQ) of 0.1 or risk of 
1 x 
based numbers were used for these media because no standards exist for soil or sediment, 
and the exposure assumptions used for the risk-based levels (specifically, WRW 
assumptions) were consistent with the future land use. Groundwater and surface water 
AOIs are those analytes with concentrations greater than surface water standards. 
Surface water standards are promulgated in the Colorado Water Quality Control 
Commission regulations. Comparison to surface water standards is consistent with 
RFCA objectives of protecting surface water quality. Details on the screening 
methodology, PRGs or standards used in the screen, and results are found in Sections 3.0 
through 6.0. 

The more conservative of the two values was used for the PRG. These risk- 

The second column in Table 8.1 presents the results of the evaluation of fate and 
transport of the AOIs identified in Sections 3.0 through 5.0. Contaminant fate and 
transport, Section 7.0, evaluated the environmental pathways and physical and chemical 
processes by which the AOIs are transported and distributed in the RFETS environment 
and whether the AOIs may impact surface water quality. 

Columns 3 through 5 in Table 8.1 present the results of the CRA. The details of the CRA 
are found in Appendix A of this RWeasibility Study (FS) Report. The CRA was 
conducted in accordance with the regulatory agency-approved Final CRA Work Plan and 
Methodology (CRA Methodology) (DOE 2005). A summary of the CRA Methodology 
is in Appendix A, Volume 2. For purposes of the CRA, RFETS was divided into twelve 
exposure units (EUs) for assessing potential risks to human and terrestrial ecological 
receptors, and seven aquatic exposure units (AEUs) for assessing potential risks to 
aquatic ecological receptors. The EU and AEU locations are shown on Figure 8.1 and 
Figure 8.2, respecti vel y . 

Contaminants of concern (COCs) and ecological contaminants of potential concern 
(ECOPCs) were identified for the CRA on an EU or AEU basis using the processes 
outlined in the CRA Methodology. Quantitative risk characterization was then performed 
for the EUs and AEUs that had COCs and/or ECOPCs identified. COCs were 
quantitatively evaluated in  the HHRA for the WRW and wildlife refuge visitor (WRV) 
consistent with the anticipated future land use of RFETS as a wildlife refuge. A variety 
of ecological receptors of concern for the ERA were identified in the CRA Methodology 

' Section 6.0 identified the nature and extent of air contamination. No AOIs were identified for air; 
however, air pollutants of potential concern were identified. 
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including the Preble’s meadow jumping mouse (PMJM), a federally listed threatened 
species present at R E T S .  0 
Together, the nature and extent of contamination, contaminant fate and transport 
information, and results of the CRA are used to assess the extent to which residual 
contamination may pose a threat to human health and the environment. Column 6 in 
Table 8.1 presents the overall results of the RI and Column 7 identifies the specific media 
to be evaluated in the FS (Sections 9.0 and 10.0). 

The following are the key results of the RI by environmental medium. 

8.2 Air 

With the completion of accelerated actions under RFCA, sources of ongoing emissions to 
air include the following: 

Resuspension of residual radioactive contaminants attached to surface soil 
particles; and 

Volatilizatiodrelease of volatile organic compounds (VOCs) from residual 
subsurface contamination and the closed landfills. 

However, as described in Site Background (Section 1.0), sources of radionuclide and 
VOC contamination were removed during accelerated actions conducted pursuant to 
RFCA. VOC emissions are rapidly decreasing and present no health or environmental 
concerns at present and future levels in ambient air. 

Historic concentrations of airborne radionuclides are low relative to the air emission 
standard (40 Code of Federal Regulations [CFR], Part 61, Subpart H). The total off-site 
annual effective dose equivalent (EDE) of combined radionuclides (americium-24 1 , 
plutonium-239/2340, uranium-233/234, uranium -235, and uranium -238) has been less 
than 3 percent of the allowable 10 millirem (mrem) standard, based on samples collected 
since 1999. Remediation of radionuclides in surface soil through accelerated actions 
should, in the long term, further reduce airborne radionuclide concentrations. 

The indoor air pathway was evaluated on a sitewide basis in the CRA (see Appendix A, 
Volume 2). Volatile chemicals have been detected in the subsurface in some areas of the 
site. If a building is erected in these areas in the future, the volatile chemicals may 
migrate through the building foundation indoors and be subsequently inhaled by people. 
In the CRA, the evaluation for the indoor air inhalation pathway was performed by 
comparing the maximum detected concentration of VOCs in subsurface soil, subsurface 
sediment, and groundwater to PRGs for indoor air. In areas where there are no 
exceedances of the volatilization PRGs, the indoor air inhalation pathway is assumed to 
be insignificant (Figure 8.3 and Figure 8.4). Areas where there are exceedances of the 
volatilization PRGs require further evaluation in the FS due to the potential for an 
exposure resulting in unacceptable risk to the WRW (see Section 10.0). 
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8.3 Groundwater 

Eighteen analytes of interest (AOIs) were identified in Section 4.0, Nature and Extent of 
Groundwater Contamination, as analytes detected in wells that represent contiguous, 
mappable areas of contaminated groundwater or “plumes” above surface water standards 
or MCLs. The AOIs are uranium isotopes, chloromethane, benzene, 1,2-dichloroethane, 
vinyl chloride, cis-l,2-dichloroethene, methylene chloride, 1,l-dichloroethene, 
chloroform, carbon tetrachloride, tetrachloroethene, trichloroethene, dissolved and total 
nickel, dissolved arsenic, total chromium, nitratehitrite (as N), and fluoride. No 
groundwater Contaminants of Concern (COCs) or Ecological Contaminants of Potential 
Concern (ECOPCs) were identified in the CRA. 

Alluvial groundwater that has been impacted by R E T S  activities discharges to surface 
water prior to leaving RFETS. Per the Fiscal Year 2005 (FY05) Integrated Monitoring 
Plan (IMP) (K-H 2005), potential impacts from groundwater to surface water quality is 
measured at sentinel and Area of Concern (AOC) wells. AOC wells are wells that are 
within a drainage and downgradient of a contaminant plume or group of contaminant 
plumes. These wells are monitored to determine whether the plume(s) are discharging to 
surface water. In Section 7.0, groundwater A 0 1  data were compared to surface water 
standards at AOC wells. All groundwater AOIs were below surface water standards at 
AOC wells. 

Groundwater AOIs were also evaluated at sentinel wells. Sentinel wells are wells that are 
typically located near downgradient contaminant plume edges, in drainages, and 
downgradient of existing groundwater treatment systems. These wells are monitored to 
determine whether concentrations of contaminants are increasing. Five groundwater 
plume areas with the potential to impact surface water quality were identified because 
some groundwater AOIs are above surface water standards at some sentinel wells. These 
areas are: 

Carbon tetrachloride plume at former Building 771 (historical MSS 118.1) - 
vinyl chloride and methylene chloride may exceed the surface water standards. 

East Trenches plume (downgradient portion between South Walnut Creek and the 
existing East Trenches Plume Treatment System [ETPTS]) - tetrachloroethene, 
trichloroethene, carbon tetrachloride, chloroform, and cis-l,2-dichloroethene may 
exceed the surface water standards. 

Oil Bum Pit #2 and Mound Site plume (downgradient portion between South 
Walnut Creek and the Mound Site Plume Treatment System [MSPTS]) - 
chloroform, tetrachloride, trichloroethene, cis-l,2-dichloroethene, 1 ,I - 
dichloroethene, and methylene chloride may exceed the surface water standards 
between, South Walnut Creek and the MSPTS, and carbon tetrachloride, 
chloroform, methylene chloride, and tetrachloroethene may exceed the surface 
water standards between Oil Bum Pit #2 and the MSPTS. (Contaminated’ 
groundwater from Oil Bum Pit #2 is treated at the MSPTS.) 
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903 Pad and Ryan’s Pit plumes - tetrachloroethene, trichloroethene, carbon 
tetrachloride, chloroform, and cis-1,2-dichloroethene may exceed the surface 
water standards at the 903 Pad, while carbon tetrachloride, chloroform, and 
trichloroethene may exceed the surface water standards at Ryan’s Pit. 

Solar Evaporation Ponds (SEP) plume and 700 Area Northeast plume 
(downgradient portion of plumes between Solar Ponds Plume Treatment System 
[SPPTS] and North Walnut Creek) - nitrate and uranium at the SEP and nitrate 
from the 700 Area Northeast plume may exceed the surface water standards. 

Based on data and modeling results, it is likely that residual VOC sources and associated 
downgradient groundwater concentrations will persist in the environment for decades to 
hundreds of years even with the source removals that were implemented as accelerated 
actions (EPA, 2003). AS part of the Groundwater Interim Measure/Interim Remedial 
Action (IM/IRA) (K-H 2005), an alternatives analysis was conducted to evaluate other 
accelerated action strategies that were feasible and practicable based on the type of 
residual contamination in these five plume areas and environmental conditions (for 
example, distance between the existing treatment systems and adjacent stream channels). 
The selected alternatives were conducted as enhancements to previously implemented 
remedial actions. The selected enhancements are detailed in the Groundwater M I R A  
and were completed in 2005. All the enhancements are intended to reduce the 
inventories of potential groundwater contaminants and/or reduce the migration of 
contaminated groundwater that could impact surface water quality. They are not 
expected to eliminate groundwater contamination in the short term, but to have a positive 
long-term impact on groundwater and surface water quality. At this time, no other 
alternatives for these areas are feasible or practicable. 

I 

The following actions have been implemented in accordance with approved RFCA 
decision documents to treat contaminated groundwater that could potentially impact 
surface water quality. The actions are: 

Post-closure care and monitoring of the Present Landfill and continued operation 
and maintenance (O&M) of the Present Landfill seep treatment system; 

Post-closure care and monitoring of the Original Landfill; and 

O&M of three groundwater passive treatment systems and performance 
monitoring (ETPTS, MPTS, and SPPTS). 

Continued operation of these three groundwater actions serves to protect surface water 
quality over short- and intermediate-term periods by.removing contaminant loading to 
surface water. This protection also serves to meet long-term goals for returning 
groundwater to its beneficial use of surface water protection. 

Groundwater contamination above maximum contaminant levels (MCLs) exists in some 
areas of RFETS (Figure 8.5); however, groundwater outside the former IA is acceptable 
for all uses. Ingestion of groundwater is an incomplete exposure pathway for the WRW 
and WRV and therefore, was not evaluated in the HHRA. 

\ 
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8.4 Surface Water 

Nineteen surface water AOIs were identified in Section 5.0, Nature and Extent of Surface 
Water and Sediment Contamination.2 The AOIs are carbon tetrachloride, chloroform, 
cis-172-dichloroethene, methylene chloride, tetrachloroethene, trichloroethene, vinyl 
chloride, dissolved aluminum and total beryllium, chromium, lead, nickel, zinc, 
americium-241, gross alpha, gross beta, plutonium-239/240, uranium isotopes, and 
nitratehitrite (as N). In Section 7.0, surface water A01 data were compared to surface 
water standards at surface water POCs. All surface water A01 concentrations were 
below surface water standards at the surface water POCs or at the terminal ponds 
upgradient of the surface water POCs. Surface water leaving R E T S  is acceptable for all 
uses. 

Potential exposure to surface water by WRW or WRV receptors was evaluated in the 
CRA on a sitewide basis (see Appendix A, Volume 2). For this sitewide evaluation, 
surface water cbncentrations were compared to WRW PRGs. Exceedances of surface 
water PRGs occurred within three EUs: the Industrial Area EU, Upper Walnut Drainage 
EU, and Upper Woman Drainage EU (Figure 8.1). Several organics, inorganics, and 
radionuclides in surface water exceeded their PRGs. Further analyses for each analyte 
indicated that 1) the exceedances were generally slight and infrequent, and 2) the 
exceedances were in data from 1998 or older, whereas no exceedances occurred in the 
more recent data. The more recent data are more representative of current conditions at 
the site than the older data. For these reasons, significant exposure from the surface 
water pathway for the WRW or WRV is not expected. 

In some areas of the site, groundwater surfaces in seeps. Contact with groundwater in 
these seeps is theoretically possible for the WRW and WRV. However, because the 
chemical concentrations in the seeps are low and any contact with water in the seeps is 
expected to be infrequent and of short duration, the groundwater-to-surface water 
migration pathway is not considered significant. 

To confirm the analysis that this pathway is not significant, the groundwater-to-surface 
water pathway was evaluated using data from groundwater wells located within 100 feet 
from a seep. The evaluation was performed by comparing concentrations of analytes in 
groundwater wells to surface water PRGs, as described for surface water. Exceedances 
of the surface water PRGs in groundwater occurred within three EUs: the Industrial Area 
EU, Upper Woman Drainage EU, and Wind Blown EU. Several inorganics and organics 
had exceedances. Most of these analytes were never detected above the PRG in surface 
water, indicating that the quantities being discharged from groundwater into surface 
water are not likely to pose a threat to human health. For the few analytes that were 
detected above the PRG in surface water, the exceedances in both groundwater and 
surface water are in data from 1995 or older. There are no exceedances for these analytes 
in the more recent data. Exceedances are also not expected in the future, because three 

Sediment AOIs are discussed with soil. 
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passive groundwater collection and treatment systems were installed to protect surface 
water in the areas where the PRGs were previously exceeded. For the reasons presented 
above, the groundwater-to-surface water pathway is not considered a significant exposure 
pathway for the WRW or WRV receptors. 

0 

Surface water and sediment were evaluated in the ERA portion of the CRA on an AEU 
basis (Figure 8.2). Results of the AEU evaluations are presented in th-e next section, 
Sediment. 

8.5 Sediment 

In the HHRA portion of the CRA, sediment was combined with soil for the risk 
evaluations. Results of the HHRA for combined soil/sediment are presented in the next 
section, Soil. 

In the ERA portion of the CRA, sediment and surface water were evaluated on an AEU 
basis (Figure 8.2). Of the seven AEUs that were evaluated for potential risk to aquatic 
ecological receptors, five AEUs had ECOPCs identified for surface water and sediment. 
The two AEUs that did not have ECOPCs identified are the Rock Creek AEU and 
Southeast AEU, both located in the buffer zone area of RFETS. The ECOPCs were 
evaluated in the nsk characterization using multiple lines of evidence including a hazard 
quotient (HQ) assessment using chemical data and review of drainage-specific 
conclusions from previous studies. As discussed for each AEU, the previous studies 
included tissue analyses, aquatic population studies, toxicity bioassays, waterfowl and 
wading bird exposure studies, and contaminant loading analyses. 0 
The AEU assessments indicate that there are no continuing, significant risks to aquatic 
life from residual ECOPCs due to RFETS-related operations. Overall, the aquatic 
communities in the AEUs are limited by natural environmental conditions (for example, 
low flows and poor habitat) characteristic of this area along the Colorado Front Range. 
No additional risks above what would be expected to be encountered in the natural 
environment in the vicinity of the AEUs are predicted for the aquatic life receptors 
evaluated in the ERA. 

8.6 Soil 

Fourteen surface soil AOIs and 14 subsurface soil AOIs were identified in Section 3.0, 
Nature and Extent of Soil Contamination. The surface soil AOIs are: aluminum, arsenic, 
chromium (total), vanadium, aroclor-1254, aroclor-l260,2,3,7,8-TCDD TEQ, 
benzo(a)pyrene, dibenz(a,h)anthracene, americium-241, plutonium-239/240, uranium- 
233/234, uranium-235, and uranium-238. The subsurface soil AOIs are: chromium (total), 
lead, aroclor-1260, benzo(a)pyrene, 1 , I  ,2,2-tetrachloroethane, carbon tetrachloride, 
chloroform, methylene chloride, tetrachloroethene, trichloroethene, americium-241, 
plutonium-239/240, uranium-235, and uranium-238. 

Although surface soil is the medium where many of the residual contaminants are 
detected in the R E T S  environment, surface soil does not, in itself, represent a transport 
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pathway. The transport of contaminants from surface soil to other environmental media 
is dependent on physical processes, such as erosion of surface soil. The physical 
processes are affected by the chemical properties of the AOI, in conjunction with other 
chemical and biological mechanisms, discussed in Section 7.0, that dictate how each A01 
is transported in the environment. 

Ten sediment AOIs were identified in Section 5.0, Nature and Extent of Surface Water 
and Sediment Contamination. The sediment AOIs are benzo(a)pyrene, 
dibenz(a,h)anthracene, antimony, arsenic, chromium, silver, thallium, americium-241, 
plutonium-239/240, and uranium-238. In general, sediment transport in the post- 
accelerated action configuration will be reduced compared with the historic developed 
condition because the elimination of buildings and pavement will result in diminished 
runoff and reduced peak flow rates during storm events, when the majority of sediment 
transport occurs. In addition, vegetative cover over previously exposed soil areas will 
also promote reduced deposition and migration of sediments. 

Soil and sediment AOIs are those analytes with concentrations greater than the WRW 
PRGs. The WRW PRGs were used for these media because no standards exist for soil or 
sediment, and the exposure assumptions used for the risk-based levels were consistent 
with the future land use. Because of the similar screening process in identifying the soil 
AOIs, sediment AOIs, and the soil COCs, the soil and sediment AOIs are included in the 
HHRA. Consequently, the focus of RI conclusions for soil is based on the CRA results 
for soil. 

A HHRA was conducted separately for each of the 12 EUs identified for RFETS. COCs 
were identified for surface soil/surface sediment. No COCs were identified for 
subsurface soil/subsurface sediment. Five of the 12 EUs have COCs in surface 
soil/surface sediment, as listed below: 

Upper Woman Drainage EU (benzo[a]pyrene and dioxins); 

Industrial Area (IA) EU (arsenic and benzo[a]pyrene); 

Upper Walnut Drainage EU (benzo[a]pyrene); 

Wind Blown Area EU (arsenic and plutonium 239/240); and 

No Name Gulch Drainage EU (vanadium). 

The COCs were quantitatively evaluated for the WRW and WRV receptor. Cancer risks, 
noncancer health effects, and radiation doses were calculated and are presented in Table 
8.2. Risk calculations were performed using both Tier 1 and Tier 2 exposure point 
concentrations. The Tier 1 exposure point concentrations are upper-bound average 
concentrations of COCs in the EUs. The Tier 2 exposure point concentrations were 
calculated using an area-weighted averaging method that equally weighs all subareas of 
the EUs. The cancer risk estimates for all EUs were at the low end of EPA's 1 x to 
1 x 10" risk range. 

. 
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The cancer risk estimates for the WRW in the Upper Woman Drainage EU was estimated 
for exposure to benzo(a)pyrene (7 x It is important to note 
that the benzo(a)pyrene samples that were used in the risk estimate for the Upper Woman 
Drainage Area EU are located in an area that is now several feet underneath a landfill 
cover. As part of the uncertainty analysis for the HHRA, the exposure point concentration 
for benzo(a)pyrene was re-calculated using only samples from the Upper Woman 
Drainage EU that are located outside the landfill cover. This exposure point concentration 
is less than the PRG so benzo(a)pyrene would not be identified as a COC for the portion 
of the Upper Woman Drainage EU that is outside the landfill cover. Accordingly, risks 
associated with exposure to benzo(a)pyrene in the areas of the EU outside the landfill 
cover are less than 1 x 

In addition, the soil containing the dioxin in the Upper Woman Drainage EU is located 
approximately 20 feet below the ground surface where exposure is not anticipated. Since 
the dioxin samples in this EU were confirmation samples collected after an accelerated 
action, the samples were classified as surface soil and included in the risk assessment. 

and to dioxins (2 x 

Even without taking into account the depth of contamination in the Upper Woman 
Drainage EU, the site is still considered protective of human health because the risk falls 
within the acceptable range of 1 x to 1 x cancer risks and a hazard index of 1 for 
noncarcinogenic effects for dioxins and benzo(a)pyrene. 

The cancer risk estimates for the Industrial Area EU are from exposure to arsenic 
(2 X Arsenic concentrations in this EU is similar to 
background concentrations. The cancer risk estimates for the Upper Walnut Drainage EU 
are from exposure to benzo(a)pyrene (1 x Although identified as a COC in the 
Industrial Area EU and the Upper Walnut Drainage EU, benzo(a)pyrene has not been 
directly associated with any historical source areas at the site, but could be associated 
with traffic, pavement degradation, or pavement operations. 

The cancer risk estimates for the Wind Blown Area EU are estimated for exposure to 
plutonium (2 x Arsenic concentrations in this EU are also 
similar to background concentrations. The Tier 1 dose estimate for plutonium for the 
WRW is 0.3 millirems per year (mrems/yr) and for the WRV child is 0.2 mredyr. These 
dose estimates are well below the acceptable annual radiation dose of 25 mrem. 

and to benzo(a)pyrene (1 x 

and arsenic (2 x 

Noncancer health effects were estimated for arsenic in the Industrial and Wind Blown 
Area EUs and vanadium in the No Name Gulch Drainage EU. The noncancer health 
effects estimates (HIS) were all below 1, indicating that noncancer health effects are 
unlikely for WRW and WRV receptors at RFETS. 

For EUs that did not have COCs, risks are expected to be similar to risks associated with 
background conditions. Background cancer risks from naturally occurring metals at 
RFETs are approximately 2 x 
and 0.1 for the WRV. 

for the WRW and WRV, and HIS are 0.3 for the WRW 
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Of the 12 EUs that were evaluated for potential risk to terrestrial ecological receptors, 
8 EUs had ECOPCs identified for surface soil for risk characterization for non-PMJM 
receptors. PMJM receptors were evaluated in eight EUs because of the location of the 
PMJM habitat patches and of these EUs, four had surface soil ECOPCs for the PMJM 
receptor. The four EUs that did not have any ECOPCs identified for either non-PMJM or 
PMJM receptors (West Area EU, Rock Creek Drainage EU, Southeast Buffer Zone [BZ] 
EU, and Southwest Buffer Zone EU) are part of the BZ area of RFETS. No ECOPCs 
were identified for subsurface soil for any of the EUs. 

The ECOPC/receptor pairs were evaluated in the risk characterization using a range of 
exposure scenarios and toxicity values to give a range of risk estimates. The HQs indicate 
that the potential for risks to PMJM and non-PMJM receptors range from low to 
moderate in the EUs where ECOPCs were identified. Results of the uncertainty analysis 
and background risk calculations were also considered to characterize the full range of 
potential risk and define the uncertainties and conservatism inherent in the HQ models. 
No significant risks were identified for any receptor in any EU. 

The ERA also considered the results of ecological monitoring studies that have been 
conducted since 1991 as part of the characterization of risk. The high species diversity 
and continued use of the site by numerous vertebrate species verify that habitat quality 
for these species remains acceptable and the ecosystem functions are being maintained. 
As discussed for each EU or AEU in the ERA, data collected on wildlife abundance and 
diversity indicate that wildlife populations are stable and species richness remains high at 
RFETS. Overall, low risk to survival, growth, and reproduction is predicted for the 
ecological receptors evaluated at RFETS. This supports the chemical risk conclusions 
that no significant risks appear to be affecting receptor populations at RFETS. 

The overall conclusions from the ERA indicate there is no significant risk of adverse 
ecological effects to receptors from exposure to site-related residual contamination. 

8.7 Conclusions 

Based on the results of the RI, the specific media to be evaluated in the FS (Sections 9.0 
and 10.0) are: 

Areas where groundwater contamination exceeds MCLs; 

Areas where subsurface soil and groundwater contamination are above the indoor 
air volatization PRGs; and 

Surface soil in the WBEU where results of the CRA indicate risk to a WRW is 
2 x for plutonium-239/240. 
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Summarv of the Ri 

Results of Contamant 
Fate and Transport are 
discussed in Section 
7.0. 

Table 8.1 
a1 Investigation (RFI-RI) 

No AOls were identified; however, Air Pollutants of Potential Concern were identified. 
RADS 
Americium-241 
Plutonium-239I240 
Uranium-233/234 
Uranium-235 - 
Uranium-238 

Screening methodology. standard screened against and results are discussed in Section 6.0. 

UHSU 

Uranium Isotopes (T) cis-l,2-Dichloroethene (T) Arsenic (D) Fluoride (T) 
1.2-Dichloroethane (T)* Chromium (T) NitrateMitrite, as N (T) 
1.1-Dichloroethene (T) Nickel (D) 
Benzene (T)* Nickel (T) 
Carbon tetrachloride (T) 
Chloroform Q 
Chloromethane (T)* 
Methylene chloride 0 
Tetrachloroethene (T) 
Trichloroethene Q 
total Trihalomethanes (T) 
Vinyl chloride (T) 

YSE 

LHSU 
None 

Screening methodology, surface water standards screened against and results are discussed in Section 4.0. Included in the methodology 
is a screen to MCLs, if the MCL is higher than the surface water standard. 

DENM32QO501 ].DOC a31 

The total off-site annual 
EDE of combined 
radionuclides has been 
less than 3 percent of 
the allowable 10 
mredyr standard, 
based on samples 
collected since 1999. 

~~~~~~~~~~~~~~ 

Results of Contaminant 
Fate and Transport are 
discussed in Section 
7.0. 

GW AOC and sentinel 
wells were identified as 
locations to evaluate 
contaminated 
groundwater migration 
and potential to impact 
surface water. 
Consequently, included 
in the Contaminant Fate 
and Transport section is 
an evaluation of all 
groundwater AOls at 
G W  AOC and sentinel 
wells against SW 
Standards. 

All GW AOIs are 
below surface water 
standards at all AOC 
wells. 

Five groundwater 
plume areas with the 
potential to impact 
surface water quality 
were identified because 
some GW AOls are 
above surface water 
standards at some 
sentinel wells: 

Carbon Tetrachloride 
Plume; 
East Trenches Plume 
(downgradient portion 
of plume); 
Solar Evaporations 
Ponds and 700 Area 
Northeast Plumes 

A 
groundwater/subsurface 
soil-to-air pathway 
analysis was completed. 
A WRW is potentially 
exposed to 
contaminants in 
groundwater that 
volatize and are 
transported through soil 
and released to the 
atmosphere where they 
can be inhaled by a 
WRW. Results of this 
analysis are in 
Appendix A, Volume 2. 

Ingestion of 
groundwater is an 
incomplete exposure 
pathway for the WRW 
and WRV and 
therefore, was not 
evaluated in the CRA. 

* 2.v * ~ ~ s p p * ~ ~ & 5 k p v Y & % ?  ..*.rf*iai"i2L+-eAlt 

identified in air. 

No ECOPCs were 
identified in 
groundwater. 

Some areas of the site contain a 
complete groundwater/subsurface 
soil-to-air pathway for a WRW. See 
Figures 8.3 and 8.4 for possible 
indoor air volatilization exposure 
areas. 

No groundwater risk 
characterization required for 
ecological receptors since no 
ECOPCs were identified. 

The groundwater/subsurface soil-to- 
air exposure pathway is identified, 
for some areas of the site, as a 
complete exposure pathway (Figures 
8.3 and 8.4). 

Five groundwater plume areas with 
the potential to impact surface water 
quality were identified because some 
groundwater AOls are above surface 
water standards at some sentinel 
wells. As part of the Groundwater 
WIRA, an alternatives analysis was 
conducted to evaluate accelerated 
action strategies that were feasible 
and practicable based on the type of 
residual contamination in these five 
plume areas and environmental 
conditions. The selected alternatives 
were conducted as enhancements to 
previously implemented remedial 
actions. Each enhancement was 
intended to reduce inventories of 
potential groundwater contaminants 
and/or reduce the migration of 
contaminated groundwater that 
could impact surface water quality. 
At this time, no other alternatives for 
these areas are feasible or 
practicable. 

Three groundwater treatment 
syslems were installed as accelerated 
actions under indi\;idual decision 
documents. Continued operation of 
the three groundwater actions serves 
to protect surface water quality over 
short- and intermediate-term periods 
by removing contaminant loading to 
surface water. 7his protection also 
serves to meet long-term goals for 
returning groundwater to its 
beneficial use of surface water 
protection. Each action is under 
ongoing performance monitoring 
consistent with groundwater and 

For specific areas of the site that 
contain a complete 
groundwater/subsurface soil-to-air 
exposure pathway, identify 
mechanisms to prevent 
unacceptable indoor air exposures. 

'Ihree groundwater treatment 
systems will not be reevaluated in 
the FS. These actions will be 
carried forward as actions in a No 
Further Action Alternative (East 
Trenches Plume Treatment System; 
Solar Evaporations Ponds Plume 
Treatment System; and Mound Site 
Plume Treatment System). 

For specific areas of groundwater 
contaminated above MCLs, 
identify mechanisms to prevent 
drinking water or irrigation use. 
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Table 8.1 
Summarv of the RI 

Screening methodology, surface water standards screened against and results are discussed in Section 5.0 

of plume); 
Mound Site and Oil . 
Burn Pit #2 Plumes 
(downgradient portion 
of plumes); and 
903 Pad and Ryan’s 
Pit Plumes. 

An accelerated action 
and/or enhancement 
was completed for each 
of these five areas 
under the Groundwater 
WIRAin2005.  At 
this time, no other 
alternatives for these 
areas are feasible or 
practicable. 

Three groundwater 
treatment systems were 
installed as accelerated 
actions under individual 
decision documents 
(East Trenches Plume 
Treatment System; 
S o h  Evaporations 
Ponds Plume Treatment 
System; and Mound 
Site Plume Treatment 
System). Continued 
operation of these three 
groundwater actions 
serves to protect surface 
water quality over 
short- and intennediate- 
term periods by 
removing contaminant 
loading to surface 

Results of Contaminant 
Fate and Transport are 
discussed in Section 7.0 

RFCA established SW 
POCS for Segment 5 at 
the outfalls of the 
terminal ponds A-4, B- 
5 ,  and C-2 (stations 
GSI 1 ,  GS08 and GS31) 
and for Segment 4af4b 
at the two locations 
where Walnut Creek 
and Woman Creek 
cross Indiana Street 
(stations GS03 and 
GSOI). Consequently. 
included in the 
Contaminant Fate and 

No COCs were 
identified in surface 
water. 

See Appendix A, 
Volumes 15B1 and 
15B2 for ECOPCs. 

I-RI) 

here is no significant risk of 
fverse ecological effects to 
ceptors from exposure to site- 
lated residual contami~t ion.  

surface water monitoring required 
by the FY2005 IMP. 

GW c o n t a m i ~ t i ~ ~  above MCLs 
exists in some areas of RFETS 
(Figure 8.5). 

A FS is not required for the 
protection of the environment due to 
groundwater contamination. 

There are some areas on site 
upstream of the surface water Pocs 
where surface water contamination 
exceeds surface water standards. 

A FS is not required for the 
protection of the environment due to 
surface water contamination. 

’Ihere are some areas on site 
upstream of the surface water 
POCs where surface water 
contamination exceeds surface 
water standards; identify measures 
to prevent use of surface water in 
these areas. 

. .  . 
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Table 8.1 1 

Transport section is an 
evaluation of all surface 
water AOls at SW 
POCs against SW 
standards. If data is not 
available at the SW 
POC, other data 
upstream of the SW 
POC may be used in the 

RADs 
Americium-241 
Plutonium-239/240 
Uranium- 238 

Surface soil 

RADs 
Americium-241 
Plutonium-239/240 
Uranium-233/234* 
Uranium-235* 
Uranium-238* 

&& 
Aluminum 
Arsenic 
Chromium 

Vanadium* 

- v o c s  

svoc 
Antimony Benzo(a)pyreoe 
Arsenic Dibenz(a,h)anthracene 
Chromium 
Silver 
ThalliWll 

dards screened against and re mw;pg&(g&g.c&:~& 
Subsurface soil (0.5-3') 

- RADS 

Lead* 

- vocs 

Its are d~scussed in Sectio 

Subsurface soil (3-8') 

- RADS 
Americium-241 * 
Plu tonium-239f240 

Uranium-235* 
Uranium-238* 

Chromium* 
Lead* 

- vocs 
Tetrachloroethene* 

LO. 

Subsurface soil (8-12') 

- RADS 

Plutonium-239/240* 

Uranium-235* 
Uranium-238* 

Chromium* 

- vocs 
Tetrachloroethene* 

Fate and Transport are 
discussed in Section 

Fate and Transport are 
discussed in Section 

vocs 
Tetrachloroethene* 
TrichloroeUiene* 
1,1,2,2- 
Tetrachloroethane* 
Carbon 
tetrachloride* 
chloroform* 
Methylene 
chloride* 

Two landfill covers 
were installed as 
accelerated actions 
under individual RFCA 
decision documents. 

In the Upper Woman 
Drainage EU, 2,3,7,8- 
TCDD TEQ is located 
at a former incinerator 
and sample is actually 
approximately 20 feet 
below the surface. 
Benzo(a)pyrene is 
located at the Original 
Landfill and is under 
the Original Landfill 
cover. 

For human receptors, 
sediment was combined 
with surface soil (see 
soil analysis below) 

Surface soil 

- RADS 

Pu-239/240" 

Arsenic4b 

Vanadium' 

yQQ 
None 

see Appendix A, 
Volumes 1581 and 
15B2 for ECOPCs. 

Surface soil 
See Appendix A, 
Volumes 3 - 14 for 
ECOPCs. 

Subsurface soil for 
any EUs 
None 

FI-RIl 

adverse ecological effects to 
receptors from exposure to site- 
related residual contamination. 

adverse ecological effects to 
receptors from exposure to site- 
related residual contamination. 

Background cancer risk from arsenic 
= 2 x  1o"wRw 
Industrial Area EU 
Arsenic (2 x I o4 WRW) 
Benm(a)pyrene ( I  x 10" WRW) 

Given background cancer risk for 
arsenic, RI results are acceptable. 

Umer Woman Drainage EU 
2.3.7.8-TCDD (2 x lo4 WRW) 
Benzo(a)pyrene (7 x 10" WRW) 

Even without taking into account the 
depth of contamination, the EU is 
still considered protective of human 
health because the risk falls within 
the acceptable range 1 x IO" to 1 x 
I04cancer risks and a hazard index 
of 1 for noncarcinogenic effects. 

No Name Gulch Jkaiiave EU 
Vanadium 

HI ='0.1 

Wind BJown Area EU 
Arsenic (2 x lo4 wRW) 

For human health, see soil analysis 
below. 

A FS is not required for the 
protection of the environment due to 
sediment contamination. 

For human health, see soil analysis 
% below. I 

The calculated risks for all surface 
soiVsurface sediment COCs were at 
the low end of the acceptable risk 
range. All COCs, except plutonium- 
239/240 io the Wind Blown Area 
EU, were either comparable to 
background risks or were of limited 
spatial extent or location. 

A FS is not required for the 
protection of the environment due to 
soil contamination. 

Actions at the Present Landfill and 
Original Landfill will not be re- 
evaluated in the FS. An alternative 
analysis was included in the 
respective landfill IMIIRAs. These 
actions will be carried forward as 
actions Alternative. in a No Further Action 

The calculated risks for all surface 
soiVsurface sediment COCs were at 
the low end of the acceptable risk 
range. All COCs. except 
plutonium-239/240 in the Wind 
Blown Area EU, were either 
comparable to background risks or 
were of limited spatial extent or 
location. While RFETS is 
protective of human health based 
on the low risk presented by the 
COCs, the CMS-FS will evaluate 
removal of surface soil within an 
EU to reduce the residual 
plutooium-239/240 ~ ~ n t a r n i ~ t i ~ n  
to below 9.8 pCdg, which is the 
I x 10" WRW risk target 
concentration. 
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0 

0 

s v o c s  

Benzo(a)p yrene 

Dibenz(a,h)anthracene 

FCB-1254 
PCB-1260 

Dioxins 
2,3,7,8-'KDD TEQ 

svocs 

Benzo(a)pyrene 

Table 8.1 
Summarv of the RCRA Facilitv Invt 

Benzo(a)pyrene* Benzo(a)pyrene Benzo(a)pyrene* Benzo(a)pyrene 

PCBs 

PCB- 1260 

Wind Blown Area EU (see Appendix A, Volume 9) 
lndusbial Area EU (see Appendix A, Volume 14) 
No Name Gulch Drainage EU (see Appendix A, Volume 6) 
Upper Woman Drainage EU (see Appendix A, Volume 10) 

'Upper Walnut Drainage EU (see Appendix A, Volume 7) 

RADS = radionuclides 
VOCs = volatile organic compounds 
SVOCs = semi-volatile organic compounds 
PCBs = polychlorinated biphenyls 
T = Total metal 
D = Dissolved metal 
* = Indicate those AOls that have a frequency of detection of less than 1% above the designated standard. 

I-RI) 

svocs 
Benzo(a)pyreneh4' 

Dioxins 
2,3,7,8-TCDD TEQd 

Subsurface soil for 
any EUs 
None 
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Given background cancer risk for 
arsenic, RI results are acceptable. 

UDDer Walnut Drainape EU 
Benzo(a)pyrene (1 x I04WRW) 
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Figure 8.3 

Subsurface Soil Sampling 
Locations Where Volatilization 
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9.0 REMEDIAL ACTION OB JECTIWS 

9.1 Introduction 

This section identifies remedial action objectives (RAOs) and applicable or relevant and 
appropriate requirements (ARARs) for contaminated groundwater, surface water, and soil 
at the Rocky Flats Environmental Technology Site (RFETS or site) used in developing 
and evaluating remedial alternatives. The RAOs are contaminant-specific cleanup goals 
for the final comprehensive response action and are based on: 

Human and ecological receptor exposure pathway scenarios for each 
contaminated medium, consistent with the reasonably foreseeable future RFETS 
land use as a National Wildlife Refuge;' \ 

ARARs;and 

Target risk levels. 

Where transport of contamination occurs between environmental media, the RAOs for 
each medium are interdependent and are developed with this understanding. 

Under the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA), RAOs specify the contaminants and media of concern, potential exposure 
pathways, and remediation goals to be considered for the final response action. 
Remediation goals establish acceptable exposure levels that are protective of human 
health and the environment. The Feasibility Study (FS) evaluates remedial action 
alternatives in accordance with the nine CERCLA evaluation criteria (Section 10.0). The 
groundwater, surface water, and soil RAOs and ARARs form the basis for demonstrating 
that the final remedy will meet the CERCLA evaluation threshold criteria in 40 Code of 
Federal Regulations (CFR) 300.430(e)(2)(i)(A).2 Final remediation goals to be addressed 
and accomplished by the final remedy are proposed in the Proposed Plan for the final 
remedy based upon the information developed in the Remedial Investigation (RI)/FS, and 
are incorporated into the Corrective Action DecisiodRecord of Decision (CADROD) for 
the selected remedy. 

a 

The RAOs are used to develop human health preliminary remediation goals (PRGs) that 
correspond to acceptable risk- and health-based contaminant levels. PRGs for soil are 
calculated in the Comprehensive Risk Assessment (CRA) Work Plan and Methodology 
(CRA Methodology) (DOE 2005), but are based on protection of the wildlife refuge 
worker (WRW) at 1 x lifetime excess cancer risk from carcinogens and a hazard 
index of 0.1 from systemic toxicants. 

I The Rocky Flats Cleanup Agreement (RFCA) Parties have agreed that the reasonably maximally exposed 
anticipated future land user of RFXTS is the wildlife refuge worker. See the Soil Action Levels Technical. 
Memorandum (DOE 2003a). 

Preliminary remediation goals are used when ARMS are not available and can also be used to evaluate 
whether particular ARAR standards are expected to be sufficiently protective (for example, within the 
acceptable risk range for carcinogens and would not result in adverse effects for systemic toxicants). 

a 
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Groundwater RAOs are based on promulgated maximum contaminant levels (MCLs) for 
drinking water, or if none have been promulgated for particular contaminants, calculated 
at levels that result in the same risks as M C h .  They are also based on the Colorado 
water quality standards for groundwater, which are the Colorado water quality standards 
for surface water, and the designated beneficial use of site groundwater, which is surface 
water protection. 

Surface water RAOs are based on the Colorado water quality standards for surface water, 
which are based on the human health or ecological protection criteria, whichever are 
lower. 

Soil RAOs are based on protecting groundwater and surface water quality so that these 
.media achieve their RAOs, and on protecting human and ecological receptors from 
unacceptable risks. 

The environmental protection RAO is based on ecological risk assessment (ERA) goals 
and endpoints as identified in the CRA Methodology. Note that the levels of radionuclide 
contaminants at the site that will meet human health PRGs are lower than the levels of 
these contaminants that will meet the environmental protection RAO. Thus, the human 
health RAOs for radionuclide contaminants achieve the environmental protection RAO. 

See Table 9.1 for a summary and status of the RAOs. 

9.2 Groundwater 

9.2.1 Groundwater Contaminants and Pathways 

Eighteen analytes of interest (AOIs) were identified in Section 4.0, Nature and Extent of 
Groundwater Contamination, as analytes detected in wells that represent contiguous, 
mappable areas of contaminated groundwater or “plumes” above surface water standards 
or MCLs. The AOIs are uranium isotopes, chloromethane, benzene, 1 ,2-dichloroethane7 
vinyl chloride, cis- 1,2-dichloroethene, methylene chloride, 1 , 1 -dichloroethene, 
chloroform, carbon tetrachloride, tetrachloroethene, trichloroethene, dissolved and total 
nickel, dissolved arsenic, total chromium, nitratehitrite (as N), and fluoride. Section 4.0 
presents the screening methodology, standards screened against, and results. ‘No 
groundwater Contaminants of Concern (COCs) or Ecological Contaminants of Potential 
Concern (ECOPCs) were identified in the CRA. 

Per the Rocky Flats Cleanup Agreement (RFCA) Vision, there is no current use of 
groundwater onsite, and there is no anticipated use of groundwater after accelerated 
actions are completed unrelated to RFETS final site cleanup activities. The groundwater 
is not hydraulically connected to any groundwater drinking water supply (Hurr 1976; 
RMRS 1996). Alluvial groundwater that has been impacted by activities at RFETS 
discharges to surface water prior to leaving the site (Section 2.0). The hydrogeology of 
RFETS has been thoroughly studied (EG&G 1995), and focused groundwater modeling 

0 

I .  
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0 remedy (K-H 2002,2005a). 

Three general seep areas were identified in the latest integrated flow model, which uses a 
refined grid and land reconfiguration information (K-H 2005a). The general areas are the 
Industrial Area (IA) drainage between former Building 371 and Building 771; the IA 
drainage just south and east of former Building 991 (South Walnut Creek); and the 
drainage west of former Building 371. Modeling shows that even though seeps will‘flow 
with a high frequency in these three areas, there will be no downstream impacts due to 
evapotranspiration and wetlands locations. 

Based on the foregoing, there are three main potential problems to human health and the 
environment from groundwater contamination. First, groundwater contamination may 
migrate within the groundwater en~ironment.~ Second, some contaminated groundwater 
may discharge to surface discharge areas (seeps, ponds, and streams) or may discharge 
directly to surface water as baseflow. Third, contaminated groundwater may be used. 
Groundwater RAOs address these problems. 

9.2.2 Groundwater RAOs 

This section describes the three groundwater RAOs. Results of the RI are compared to 
the RAOs to determine whether remedial action is needed to meet the RAOs. 

9.2.2.1 Contaminated Groundwater Migration RAO 

Groundwater RAO 1 is: , 

Meet groundwater quality standards, which are the Colorado Water Quality Control 
Commission (WQCC) surface water standards, at groundwater area of concern (AOC) 
wells. 

Surface water protection is the site-specific groundwater classification4 for the R E T S  
“specified area” groundwater pursuant to Colorado Water Quality Control (CWQC) 
Regulation No. 42, Site Specific Water Quality Classifications and Standards for 
Groundwater (CWQC Reg. 42), at CWQC Reg. 42.7(1)(b). The “specified area” is 
defined as all unconfined groundwater within the upper hydrostratigraphic unit (USJ3U)596 

Volatile organic compounds (VOCs) may volatilize as contaminated groundwater discharges at surface 
seeps. The main subsurface volatile organic pathway is by emanation through the soil. This pathway is 
addressed by soil RAOs. 

See CWQC Reg. 41.4.B(3). This classification shall be applied when “a proposed or existing activity 
does or will impact groundwaters such that water quality standards of classified surface water bodies within 
the specified area will be exceeded.” 

aquifer or other zone of groundwater occurrence which is first encountered beneath the ground surface and 
includes all saturated geologic formations, unconsolidated alluvium and colluvium, and hydraulically 
connected zones in bedrock. See Reg. 42 1996 Revisions Statement of Basis and Purpose discussion 
regarding use of the UHSU as the “specified area” to protect quality in groundwater that does not meet the 
useable quantity expectations associated with the use of the term “aquifer.” 

4 

Pursuant to CWQC Reg. 42.5 (7), the UHSU is the uppermost layer of groundwater incorporating any 5 
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(the Arapahoe and Upper Laramie aquifers are not hydraulically connected to the UHSU); 
and the Laramie Fox Hill aquifer within the area specified in CWQC Reg. 42 Figure 1 
(which coincides with the RFETS fence line). The Upper Laramie and Laramie Fox Hill 
aquifers are not impacted by the UHSU (Hun 1976; RMRS 1996). 

The groundwater quality standards adopted for the RFETS specified area groundwater 
classification are identified in CWQC Reg.42.7( l)(c). The groundwater quality standards 
are the associated statewide or the site-specific surface water quality standards 
promulgated by the WQCC. 

For purposes of the FS evaluation, contaminated groundwater migration will be evaluated 
at groundwater AOC wells. The locations of the groundwater AOC wells on Figure 9.2 is 
based on consideration of regulatory provisions concerning groundwater points of 
compliance (POC) locations, which is discussed below. 

CWQC Reg. 41.3 (10) defines the groundwater POC as a vertical surface that is located at 
some specific distance hydrologically downgradient of the activity being monitored for 
compliance. Generally, the groundwater POC is where a facility should monitor 
groundwater quality and/or achieve specified cleanup levels to achieve facility-specific 
goals (EPA 2002). The agencies responsible for implementation of CERCLA, Resource 
Conservation and Recovery Act (RCRA), and/or Colorado hazardous Waste Act 
(CHWA) have some flexibility in establishing the groundwater POC. Pursuant to CWQC 
Reg. 41.5.C.5, the implementing agencies (in the case of RFETS, the Colorado 
Department of Public Health and Environment [CDPHE] Hazardous MaterialsNaste 
Management Division and the U.S. Environmental Protection Agency [EPA]) may select 
a groundwater POC that is more or less stringent than would be achieved under the 
promulgated state-wide or site-specific standards. 

The CWQC Reg. 42 site-specific standards do not identify any RFETS-specific 
groundwater POCS.~ The CWQC Reg. 41 statewide standards (for radionuclides) do 
include criteria for establishing the groundwater POC as specified in Reg. 41.6.C. 1 .a. 
The main criterion affecting the groundwater POC is whether the contamination is 
identified and reported to the CERCLA or RCRNCHWA implementing agency prior to 
September 30,1992. Because groundwater contamination was identified and reported 
prior to that date, the regulations specify that the groundwater POC is whichever of the 
following locations is closest to the contamination source: the site boundary or the 
hydrologically downgradient limit of the area in which contamination exists when 
identified. 

Pursuant to CWQC Reg. 42.7( l)(a), the UHSU includes the unconsolidated Quaternary and Rocky Flats 
alluvium, colluvium and valley f i l l  alluvium, and weathered claystone and hydraulically connected 
sandstone bedrock of the Arapahoe and Upper Laramie formations. 

See CWQC Reg. 42 February 4, 1991, Statement of Basis and Purpose discussion regarding not 
establishing a POC at that time, and essentially deferring to the agency or agencies that may have regulatory 
authority to implement the classifications and standards in the future. Thus, the POCs established in this FS 
do not depend on any POC-related rulemaking proceedings by the CWQCC. 
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At the time groundwater contamination was identified, the downgradient limit of 
contamination that impacted groundwater quality was not well known, but extensive 
monitoring shows that it is currently well within the site boundary. Areas of groundwater 
contamination also form identifiable plumes that may have formed from individual or 
multiple sources. During migration, some of these plumes may have coalesced to form 
larger plumes that are difficult to attribute to individual sources. In addition, some of the 
sources of contamination are historical Individual Hazardous Substance Sites (MSSs) for 
which the response actions were based on the presence of RCRA/CHWA hazardous 
waste and/or hazardous waste constituents. While groundwater POCs for these historical 
MSSs will be established pursuant to RCRA/CHWA ARARs, they are located within 
areas where contaminated groundwater from other sources may exist or commingle. 

RCRA/CHWA provides that groundwater POCs may be established at the vertical surface 
of a line that circumscribes several units as an “area of concern”* (see 40 CFR 
265.91 [b][2]/6 Colorado Code of Regulations [CCR] 1007-3 Part 265.91 [b][2]). Also, in 
recognition that groundwater contamination could be caused by releases from multiple 
hazardous waste management units and/or from sources other than but around hazardous 
management waste units, alternative groundwater monitoring points may be established 
(see 40 CFR 265.110[d]/ 6 CCR 1007-3 Part 265.110[d]). 

The locations of the groundwater AOC wells are based on the groundwater “areas of 
, concern” concept. These locations approximate the hydrologically downgradient limit of 

the area in which groundwater contamination (contaminant plumes) may exist and at 
which contamination’ migration trending may be evaluated. These wells are monitored to 
determine whether the plume(s) are discharging to surface water. Figure 9.1 shows the 
AOC well locations. As can be observed on Figure 9.1, the area of concern is a small 
portion of the overall R E T S  area and is well within the facility boundary. 

The RAO for this pathway is to meet groundwater quality standards, which are the 
CWQC surface water standards, at the groundwater AOC wells identified on Figure 9.1. 
In Section 7.0, each groundwater A01 was evaluated at the groundwater AOC wells. The 
groundwater AOIs are below the surface water standards at each groundwater AOC well. 
Groundwater RAO 1 is met. 

Accelerated Action Performance MonitorinP Points 

The groundwater AOC wells identified on Figure 9.1 do not obviate any required 
accelerated action groundwater performance monitoring, or preclude performance 
monitoring as part of the final remedy groundwater monitoring plans. 

* See also National Contingency Plan (NCP) Preamble at 55 FR 8753-4. “. . . There may be certain 
circumstances where a plume of groundwater contamination is caused by releases from several distinct 
sources that are in close geographical proximity. In such cases, the most feasible and effective groundwater 
cleanup strategy may be to address the problem as a whole, rather than source-by-source, and to draw the 
point of compliance to encompass the sources of release.” 
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9.2.2.2 Restoration of Usable Contaminated Groundwater to the Beneficial Use of 
Surface Water Protection RAO 

Groundwater RAO 2 is: 

Restore contaminated groundwater that discharges directly to surface water as baseflow, 
and that is a sign@cant source of surface water, to its beneficial use of surjace water 
protection wherever practicable in a reasonable timeframe. This is measured at 
groundwater sentinel wells. Prevent signijicant risk of adverse ecological eflects. 

Among the CERCLA expectations in developing appropriate remedial alternatives is the 
return of usable groundwater to beneficial uses whenever practicable (see 40 CFR 
300.430[a][ l][iii][fJ). Although the groundwater at RFETS discharges to surface water, 
it is currently not the major contributor or source of surface water volumes or flows on 
site. The vast majority of current RFETS surface water volume and flow is due to 
imported water and runoff (from pavement) from precipitation. When importation of 
water ceases, and the areas of impermeable surfaces are eliminated, it is anticipated that 
groundwater could become a larger proportionate contributor to surface water volumes 
and flows (K-H 2002,2005), not because of a significantly increased volume of 
groundwater, but because of the significant reduction from those other contributors. 
Thus, the practicability of remedial alternatives to restore groundwater beneficial use in a 
reasonable timeframe must be evaluated. 

Sentinel wells are wells that are typically located near downgradient contaminant plume 
edges, in drainages, and downgradient of existing groundwater treatment systems. The 
sentinel wells identified on Figure 9.1 will be used for this RAO to develop and evaluate 
remedial alternatives. Groundwater AOIs are compared to surface water standards at 
each sentinel well. 

The RI evaluation identified five groundwater plume areas with the potential to impact 
surface water quality. These five areas were identified because some groundwater AOIs 
are above surface standards at some sentinel wells. These areas are: 

0 Carbon tetrachloride plume at former Building 771 (historical MSS 118.1) - vinyl 
chloride and methylene chloride may exceed the surface water standards. 

East Trenches plume (downgradient portion between South Walnut Creek and the 
existing East Trenches Plume Treatment System [ETPTS]) - tetrachloroethene, 
trichloroethene, carbon tetrachloride, chloroform, and cis-l,2-dichloroethene may 
exceed the surface water standards. 

Oil Bum Pit #2 and Mound Site plume (downgradient portion between South 
Walnut Creek and the Mound Site Plume Treatment System [MSPTS]) - 
chloroform, tetrachloride, trichloroethene, cis-l,2-dichloroethene, 1,l- 
dichloroethene, and methylene chloride may exceed the surface water standards 
between South Walnut Creek and the MSPTS, and carbon tetrachloride, 
chloroform, methylene chloride, and tetrachloroethene may exceed the surface 

0 

0 
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water standards between Oil Bum Pit #2 and the MSPTS. (Contaminated 
groundwater from Oil Bum Pit #2 is treated at the MSPTS.) 

903 Pad and Ryan’s Pit plumes - tetrachloroethene, trichloroethene, carbon 
tetrachloride, chloroform, and cis- 1,2-dichloroethene may exceed the surface 
water standards at the 903 Pad, while carbon tetrachloride, chloroform, and 
trichloroethene may exceed the surface water standards at Ryan’s Pit. 

Solar Evaporation Ponds (SEP) plume and 700 Area Northeast plume 
(downgradient portion of plumes between Solar Ponds Plume Treatment System 
[SPPTS] and North Walnut Creek) - nitrate and uranium at the SEP and nitrate 
from the 700 Area Northeast plume may exceed the surface water standards. 

0 

0 

Based on data and modeling results, it is likely that residual volatile organic compounds 
(VOC) sources and associated downgradient groundwater concentrations will persist in 
the environment for decades to hundreds of years even with the source removals that were 
implemented as accelerated actions. As part of the Groundwater Interim Measurehterim 
Remedial Action (IM/IRA) (K-H 2005b), an alternatives analysis was conducted to 
evaluate other accelerated action strategies that were feasible and practicable based on the 
type of residual contamination in these five plume areas and environmental conditions 
(for example, distance between existing treatment systems and adjacent stream channels). 
The selected alternatives were conducted as enhancements to previously implemented 

remedial actions. The selected enhancements are detailed in the Groundwater IM/IRA 
and were completed in 2005. All the enhancements are intended to reduce the inventories 
of potential groundwater contaminants and/or reduce the migration of contaminated 
groundwater that could impact surface water quality. They are not expected to eliminate 
groundwater contamination in the short term, but to have a positive long-term impact on 
groundwater and surface water quality. While groundwater RAO 2 is not met at all 
sentinel wells, at this time no other alternatives for these areas are feasible or practicable. 

Three groundwater treatment systems have been installed at R E T S  as accelerated 
actions to treat contaminated groundwater that could potentially impact surface water 
quality. These systems are: 

East Trenches -The ETPTS removes VOCS in groundwater prior to its 
discharging to South Walnut Creek. A phytoremediation project was 
implemented downgradient of the ETPTS (along South Walnut Creek) to enhance 
residual portions of the East Trenches VOC plume downgradient of the ETPTS. 

Mound Site - The MSPTS removes VOCS in groundwater prior to its discharge 
to South Walnut Creek. 

0 

0 

‘ Solar Evaporation Ponds (SEP) Site - The SPPTS removes uranium and nitrate in 
groundwater prior to its discharge to North Walnut Creek. A phytoremediation 
project was implemented downgradient of the SPPTS (along North Walnut Creek) 
to enhance residual portions of the SEP nitrate plume downgradient of the SPPTS. 

Continued operation of these three groundwater actions serves to protect surface water 
quality over short- and intermediate-term periods by removing contaminant loading to 
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surface water., This protection also serves to meet long-term goals for returning 
groundwater to its beneficial use of surface water protection. These groundwater 
remedial actions will remain in operation and will be included in the No Further Action 
a1 ternati ve. 

The overall conclusions from the ERA indicate that site conditions due to residual 
contamination do not represent significant risk of adverse ecological effects to receptors 
from exposure to site-related residual contamination. While groundwater was not 
specifically evaluated in the ERA, the only exposure pathway for ecological receptors to 
groundwater is where groundwater impacts surface water. The surface water evaluation 
in the ERA indicated no significant impact to surface water for ecological receptors. 
Consequently, there are no significant impacts for ecological receptors from groundwater. 
Therefore, groundwater RAO 2 is met for the environment. 

9.2.2.3 Contaminated Groundwater RA 0 

Groundwater RAO 3 is: 

Prevent drinking water and irrigation use of groundwater contaminated at levels above 
M C h .  

The RFCA Vision states that groundwater quality in the outer Buffer Zone (BZ) and off 
site will support all uses. On-site groundwater will not be used for any purpose unrelated 
to RFETS cleanup activities. However, while groundwater within the RFETS “specified 
area” is not a current or anticipated source of drinking water, MCLs promulgated under 
the Safe Drinking Water Act are ARARs because it is important to know where 
groundwater is contaminated above MCLs to understand the boundary between the outer 
BZ and on-site groundwater. Therefore, where groundwater is contaminated above an 
MCL, the RAO is to prevent drinking water and imgation use of groundwater 
contaminated above MCLs. MCLs are considered in the screening process for the nature 
and extent of groundwater contamination. Figure 9.2 presents the UHSU groundwater 
sampling locations where composite MCLs were exceeded. “Composite MCL” means 
that all groundwater AOIs above an MCL are presented on one figure, including VOCs 
and inorganics. The FS will evaluate mechanisms to prevent drinking water and 
irrigation use of groundwater contaminated at levels above the MCLs to meet 
groundwater RAO 3. 

Groundwater Alternate Concentration Limits and TemDorary Modifications to Surface 
Water Standards 

While the foregoing RAOs form the basis for alternatives evaluated in the FS, they are 
not intended to preclude the development of Alternate Concentration Limits (ACLs) for 
monitoring criteria at groundwater AOC or sentinel wells in the Proposed Plan or as part 
of final remedial objectives. In addition, the RAOs do not preclude retaining temporary 
modifications to surface water standards that apply to RFETS, or petitioning to obtain 
approval of future temporary modifications in accordance with the CWQC regulations. 
The ACLs and temporary modifications may enhance the final remedy selection process 
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by serving to establish goals that are adequately protective while allowing reasonable 
time frames to determine that a selected remedy is performing as anticipated. ACLs and 
temporary modifications are subject to regulatory approval. 

9.3 Surface Water 

9.3.1 Surface Water POCs and COCs 

This section identifies the POCs, the COCs, and methodology for demonstrating 
compliance with surface water standards. POCs are the locations where compliance 
monitoring will be conducted. COCs are the constituents to be monitored, and the 
methodology for demonstrating compliance is the data assessment to be used to 
determine whether COCs meet the respective surface water standard. 

9.3.1.1 Points of Compliance 

In accordance with RFCA Attachment 5 (RFCA Section 2.3): 

[Points of Compliance] POCs will be at the outfalls of the terminal ponds 
and near where Indiana Street crosses both Walnut and Woman Creeks. If 
the terminal ponds are removed, new monitoring and compliance points 
will be designated and will consider groundwater in stream alluvium. 

RFCA Attachment 5 establishes.POCs for Segment 5 of Big Dry Creek at the outfalls of 
terminal Ponds A-4, B-5, and C-2 (stations GS11, GS08, and GS3 1, respectively), and for 
Segment 4d4b of Big Dry Creek at the two locations where Walnut and Woman Creek 
cross Indiana Street (stations GS03 and GSO1, respectively). For the RI/FS, these POCs 
will remain as identified in RFCA. 

0 

Sement 5 POCs 

Because the terminal ponds exist at closure, their outfalls remain the logical POCs 
because they are the last management controls in place for surface water. The outfalls of 
the terminal ponds, stations GS11, GS08, and GS31, are the Segment 5 POCs for the 
RYFS assessment. 

Segment 4d4b POCs 

The current POCs (stations GS03 and GSOl) are the Segment 4d4b POCs for the RI/FS 
assessment. 

9.3.1.2 Contaminants of Concern 

As shown below, the RFCA Parties originally proposed that for the RYFS process, 
plutonium, americium, and uranium are the surface water COCs at all of the POCs, and 
that nitrate is also a COC for the Walnut Creek POCs. 
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Segment 5 at the discharge of 
Pond C-2 (GS31), and 
Segment 4a at Indiana Street 
(GSOl) 

Indiana Street (GS03) 
Plutonium-239/240; Americium-241; and 
Uranium-233/234, -235, and -238 

_ _ _ _ ~ ~ ~  

The rationale for the COC list is as follows: 

Total Suspended Solids (TSS), turbidity, conductivity, and pH have not been 
included as COCs because they are simply indicator parameters to support 
correlation studies of water chemistry with plutonium and americium levels. 
These parameters may be monitored as part of the Segment 5 performance 
monitoring; however, it is noted that these studies have not shown strong 
correlation at stations where actinide and suspended solids concentrations are 
relatively low. 

Tritium has not been included as a COC because it was not above the surface 
water standard at Indiana Street between the first quarter of fiscal year 0;Y) 1996 
through the fourth quarter of FY2003. 

Plutonium and americium are COCs because they may originate from widespread 
contamination in surface soil at RFETS, and by erosion can enter Segment 5 and 
4a/4b surface water in a diffused manner. 

Uranium is a COC because it is a known contaminant of soil and groundwater at 
the site. 

Nitrate has been added as a COC for the Walnut Creek POCs because it is a 
contaminant in groundwater at the SEP, and has been consistently detected above 
the surface water standard of 10 milligrams per liter (mg/L) at station GS13, 
which is upstream of Pond A-3. (Concentrations at this station are well below the 
Temporary Modification of 100 mg/L.) 

However, 19 surface water AOIs were identified in Section 5.0, Nature and Extent of 
Surface Water and Sediment Contamination.’ No COCs were identified in the CRA for 
surface water. In Section 7.0, surface water A01 data, including the surface water COCs 
identified by the RCRA Parties, were compared to surface water standards at surface 
water POCs. All surface water A01 concentrations were below surface water standards at 
the surface water POCs and/or at the terminal ponds upgradient of the POCs. 

Sediment AOIs are discussed with soil. 
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9.3.1.3 Demonstration of Compliance 

Segment 5 

To demonstrate compliance with the surface water quality standards for radionuclides, a 
computation of a 12-month flow-weighted rolling average is the metric for the Segment 5 
POCs. Because of sample holding time limitations for nitrate, the sampling methodology 
and data assessment is different from that used for radionuclides. The FY2005 Integrated 
Monitoring Plan (IMP) specifies that the holding time for samples collected for nitrate 
analysis is less than 1 week. Accordingly, grab samples are collected at the POCs for 
nitrate analysis. Because the samples are not flow-weighted composites, a simple annual 
average is computed from the data using a method consistent with the regulatory 
requirements for the surface water quality standard for nitrate. Details of the 
methodologies utilized to compute these rolling averages, the nitrate sampling 
methodology, and data assessment are described in the FY2005 IMP (K-H 2005~). 

Segment 4d4b 

To demonstrate compliance with the surface water quality standards for radionuclides for 
, the Segment 4d4b POCs, the 30-day flow-weighted rolling average is used. Unlike the 

12-month averaging described for the Segment 5 POCs, the 30-day rolling average is 
computed using flow and concentration data for all flow days in a rolling 30-flow day 
period. The methodologies utilized to compute these rolling averages are described in the 0 FY2005 IMP (K-H 200%). 

9.3.2 Surface Water RAO 

This section describes the surface water RAO. Results of the RI are compared to the 
RAO to determine whether remedial action is needed to meet the RAO. 

9.3.2.1 Contaminated Surface Water RAO 

The surface water RAO is: 

Meet suface water quality standards, which are the WQCC suface water standards, at 
su face  water points of compliance. 

Figure 9.1 shows the surface water POC locations. In Section 7.0, surface water AOIs, 
including the surface water COCs identified by the RFCA Parties, were evaluated at the 
surface water POC. All surface water AOIs are below the surface water standards at each 
surface water POC. The surface water RAO is met. 

Segment 5 Performance Monitoring 

Surface water quality monitoring in Segment 5 upstream of the Segment 5 POCs will be 
needed during the implementation of the final remedial action for the purposes of 
evaluating the concentration of COCs and/or other AOIs related to accelerated actions. 

DENIE03200501 I .DOC 9-1 1 
\ 



Drafr RCRA Facility Investigation-Remedial Investigation/ 
Corrective Measures Study-Feasibility Study 

Section 9.0 
Remedial Action Objectives 

The specific analytes, as well as the monitoring locations, frequency of monitoring, and 
sampling methodologies will be established in the monitoring plan developed for the final 
remedy. 

9.4 Soil 

9.4.1 Soil Contaminants and Pathways 

Fourteen surface soil AOIs and 14 subsurface soil AOIs were identified in Section 3.0, 
Nature and Extent of Soil Contamination. Eight sediment AOIs were identified in 
Section 5.0, Nature and Extent of Surface Water and Sediment Contamination. Soil and 
sediment AOIs are those analytes with concentrations greater than the WRW PRGs. The 
WRW PRGs were used for these media because no standards exist for soil or sediment, 
and the exposure assumptions used for the risk-based levels were consistent with the 
future land use. Because of the similar screening process in identifying soil AOIs and soil 
COCs, the soil AOIs are included in the Human Health Risk Assessment (HHRA). 
Consequently, the focus of RI conclusions for soil is based on the HHRA results for soil. 
Results of the CRA indicate risk to a WRW is 2 x for exposure to plutonium- 
239/240 in surface soil in the Wind Blown Area Exposure Unit (EU). Results of the RT 
indicate that other human health COCs may have exceeded the 1 x WRW PRG risk 
level; however, an FS was not required for these COCs (see Section 8.0). 

The primary exposure pathways for soil contamination are direct contact with surface and 
near-surface soil, erosion of soil into surface water and air, and precipitation infiltration 
and groundwater that mobilizes contaminants. 

The soil RAOs are based on adequate protection of human health and the environment 
through the direct and indirect human and flora and fauna contact with the soil medium, 
and release of VOCs and radionuclides from the soil matrix into the water and air. 
Whether areas of soil contamination are sources of contamination that actually or 
potentially impact groundwater quality was evaluated in the RI (Section 7.0). Whether 
areas of soil contamination actually or potentially impact surface water quality was also 
evaluated in the RI (Section 7.0). 

9.4.2 Soil RAOs 

This section describes the three soil RAOs. Results of the RI are compared to the RAOs 
to determine whether remedial action is needed to meet the RAOs. 

9.4.2.1 Source of Groundwater Contamination RAO 

Soil RAO 1 is: 

Prevent migration of contaminants to groundwater that would result in exceedances of 
groundwater RAOs. 
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Soil sources of groundwater contamination have been removed by accelerated actions. 
The fate and transport analysis concluded that soil AOIs do not present a problem related 
to this RAO. Soil RAO 1 is met. 

0 
9.4.2.2 Source of Surface Water Contamination RAO 

Soil RAO 2 is: 

Prevent migration of contaminants that would result in exceedances of sugace water 
RAOS. 

The fate and transport analysis concluded that AOIs do not present a problem'in relation 
to this RAO. Soil RAO 2 is met. 

9.4.2.3 Direct Exposure to Human or Ecological Receptors RAO . 

Soil RAO 3 is: 

Prevent exposures that result in unacceptable risk to WRW. The l o6  risk level shall be 
used as the point of departure for determining remediation goals for alternatives when 
ARARs are not available or are not suficiently protective because of the presence of 
multiple contaminants at the site or multiple pathways of exposure. [40 CFR 
300.430(e)(2)(i)(A)(2)]. Prevent significant risk of adverse ecological eflects. 

For radionuclides in soils, the primary RAO is to achieve an annual radiation dose not to 
exceed 25 millirem per year (mredyr)  to a WRW. A component of the RAO, which is 
also identified as an ARAR, is to achieve an annual radiation dose not to exceed 100 
mredyr  to an unanticipated future rural residential user. The ARAR, 10 CFR 20 Subpart 
E, dose rate criteria for restricted and unrestricted use are met because residual levels of 
RFETS-related radiological contamination do not result in the exceedance of the annual 
radiation dose limits for the WRW under the RFETS land use as a wildlife refuge. 
Additionally, annual dose limits for the unrestricted user would also be met (K-H 2005d). 

0 

The calculated risks for all surface soil/surface sediment COCs were at the low end of the 
acceptable risk range. All COCs, except plutonium-239/240 in the Wind Blown Area 
EU, were either comparable to background risks or were of limited spatial extent or 
location. While this RAO is met based on the low risk presented by the COCs, the FS will 
evaluate removal of surface soil within an EU to reduce the residual plutonium-239/240 
contamination to below 9.8 picocuries per gram (pCi/g), which is the 1 x WRW risk 
target concentration. 

The qualitative assessment of the indoor air volatilization pathway concluded that the 
insignificant pathway assumptions could not be met if buildings were constructed and 
occupied in some areas of the site (see Figure 9.3 and Figure 9.4). The FS will also 
evaluate alternatives to mitigate exposure to indoor air volatilization in some areas. 

0 
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The overall conclusions from the ERA indicate that site conditions due to residual 
contamination do not represent significant risk of adverse ecological effects to receptors 
from exposure to site-related residual contamination. This RAO is met for the 
environment . 

9.5 Applicable or Relevant and Appropriate Requirements 

This section identifies chemical-, location-, and action-specific ARARs. The list of 
ARARs in Table 9.2 will be used in evaluating alternatives in the FS. 

The degree of cleanup required by CERCLA section 121(d) for any contamination 
remaining on site and the final remedy selection requirements of the National 
Contingency Plan for on-site remedial actions, 40 CFR 300.430(f), includes attainment of 
all ARARs identified in the final ROD unless a waiver is granted for particular ARARS.'' 
The RI presents information about contaminants at RFETS in order to develop and 
evaluate effective remedial alternatives in the FS. The FS evaluation considers and 
provides an analysis of whether each remedial alternative is expected to meet the ARARs 
related to that alternative (Section 10.0). Final ARARs to be met by the remedial 
alternative proposed for the final remedy, and any proposed ARAR waivers, will be 
identified in the Proposed Plan. On-site remedial actions selected in the CADROD must 
attain ARARs that are identified at the time the CADROD is signed. 

- 

9.5.1 Definition of ARARs 

Applicable requirements are those cleanup standards, standards of control, and other 
substantive requirements, criteria, or limitations promulgated under federal environmental 
or state environmental or facility siting laws that specifically address a hazardous 
substance, pollutant, contaminant, remedial action, location, or other circumstance at a 
CERCLA site. Relevant and 'appropriate requirements are those cleanup standards, 
standards of control, and other substantive requirements, criteria, or limitations 
promulgated under federal environmental or state environmental or facility siting laws 
that, while not applicable to a hazardous substance, pollutant, contaminant, remedial 
action, location, or other circumstance at a CERCLA site, address problems or situations 
sufficiently similar to those encountered at the CERCLA site that their use is well suited 
to the particular site. Only those state standards that are identified in a timely manner and 
are more stringent than federal requirements may be relevant and appropriate. 

In addition to ARARs, the lead and support agencies may, when appropriate, identify 
other nonpromulgated advisories, criteria, guidance documents, or proposed regulations 
that are to-be-considered (TBCs) to supplement an ARAR provision for a particular 
release. TBCs are not legally binding, and do not have the status of potential ARARs. 
However, TBCs are used in determining the necessary level of cleanup for the protection 
of human health and the environment. 

"See 40 CFR 3OO.430(f)( l)(ii)(C) regarding the grounds for ARAR waivers. 
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ARARs are identified as chemical-, location-, or action-specific. Chemical-specific 
requirements are usually health- or risk-based numerical values or are methodologies 
which, when applied to site-specific conditions, result in the establishment of numerical 
values. These values establish the acceptable amount or concentration of a chemical that 
may be found in or discharged to the ambient environment. 

Location-specific requirements are restrictions placed on the concentration of hazardous 
substances solely because they occur in special locations. Typical location restrictions 
include areas with sensitive or unique characteristics such as wetlands, areas of historical 
significance, or areas situated in locations requiring special precautions. 

Action-specific requirements are usually technology- or activity-based requirements or 
limitations on actions taken with respect to management of the remediation waste or 
closure of the facility. These requirements are triggered by the particular remedial 
activities that are selected to accomplish a remedy. 

The ARARs for the final remedy are based on the conditions of the site after the 
implementation of all planned accelerated actions, and will consider the need to conduct 
additional work to achieve the selected final remedy. 

The ARARs identified in Table 9.2 are based on the site conditions reasonably 
anticipated to exist after planned accelerated actions have been implemented. In , 

particular, the following were considered: 

The in-place cover and stabilization of the Present and Original Landfills to meet 0 
containment remedy criteria specified in the M I R A s  for the landfills in a manner 
consistent with achieving landfill final closure; 

Cleanup of soils to below the soil action levels in Table 3 of the Action Levels 
and Standards Framework for Surface Water, Groundwater and Soils, RFCA 
Attachment 5 ; 

The reasonably maximally exposed anticipated future land user of RFETS is the 
WRW; and 

0 

0 Land use restrictions in and around the IA and in the wind blown area in the 
eastern BZ (DOE et al. 2003b). 

Final remediation goals, including final ARARs, are determined when the final remedy is 
selected. The ARARs identified for the final remedy must be met, unless waived. The 
RFCA Parties may propose changes to the ARARs identified in Table 9.2 based upon 
final site conditions, the RWS report, the Proposed Plan or the Draft CAD/ROD. In 
addition, new or revised federal or state environmental statutes and promulgated rules or 
regulations could become ARARs. 

9.5.2 Compliance With Identified ARARs 

The sources of identified ARARs (Table 9.2) and a summary of how the ARAR is met is 
provided below. 
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1.  Colorado Basic Standards and Methodologies and Site Specific Standards for Surface 
Water: This ARAR is met because surface water at the POCs meets surface water 
quality standards. 
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2. Colorado Basic and Site Specific Standards for Groundwater: This ARAR is met 
because groundwater at the groundwater AOC wells and most sentinel wells meets 
the groundwater quality standards. At sentinel wells where groundwater data are 
above the groundwater quality standards, results of the RI conclude that, based on the 
environmental conditions and type of residual contamination, no further action can 
be taken. Monitoring will continue. In addition,,contaminated groundwater has been 
addressed on a sitewide basis for three plume areas where groundwater treatment 
systems are installed and operating properly and successfully to improve 
groundwater quality that could adversely impact surface water quality. These 
systems will continue to be operated and monitored in accordance with their 
individual system operation and maintenance plans. 

3. National Pollutant Discharge Elimination System (NPDES): This ARAR is met 
because the existing NPDES permit, which covered stormwater discharges and 
sanitary sewage treatment plant discharges, has been properly terminated. Point 
source and stormwater sources covered by the permit have been removed as part of 
site closure. In addition, the discharge from the seep treatment system at the Present 
Landfill to surface water upstream of No Name Gulch meets NPDES substantive 
requirements for such discharges. As part of the accelerated action decision, the 
system discharge meets the CERCLA permit waiver provisions. The discharge will 
be monitored for VOCs and metals with effluent limitations that are the surface water 
quality standards for Walnut Creek, Big Dry Creek Segment 4a. 

4. Federal and Colorado Noxious Weed Act: This ARAR is met because the 
alternatives will not result in or exacerbate the growth of undesirable plant species or 
create difficult measures to control noxious weeds. 

5. National Wildlife Refuge System Administration Act: This ARAR is met because the 
alternatives are consistent with the future RFETS land use in accordance with the 
.Rocky Hats National Wildlife Refuge Act and will not interfere with Refuge 
purposes. 

6. Atomic Energy Act, Radiation Protection Standards for Decommissioning Licensed 
Facilities; Colorado Regulations Pertaining to Radiation Control: This ARAR is met 
because residual levels of RETS-related radiological contamination do not result in 
the exceedance of the annual radiation dose limits for the WRW under the future 
R E T S  land use as a wildlife refuge. If this land became unrestricted in the future, 
annual dose limits for the unrestricted user would also be met (K-H 2005d). 

7. Subtitle C: Hazardous Waste Management; Solid Waste Disposal Act; Colorado 
Hazardous Waste Act - Groundwater Protection and Monitoring: This ARAR is met 
because groundwater at the Present Landfill (including the landfill seep) and the 0 
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Original Landfill will be monitored under 6 CCR 1007-3, as required under the 
approved accelerated action decision documents. 

8. Subtitle C: Hazardous Waste Management; Solid Waste Disposal Act; Colorado 
Hazardous Waste Act - Closure and Post Closure: This ARAR is met because the 
Present and Original Landfills were adequately stabilized and covers were properly 
installed in accordance with regulatory agency-approved designs. In addition, the 
covers will be maintained and monitored in accordance with their individual landfill 
monitoring and maintenance plan under a post-closure care enforceable document to 
be determined by the RFCA Parties. 

9. Environmental Covenants: The ARAR is met with the assumption that the U.S. 
Department of Energy will execute a covenant in accordance with CHWA 
requirements. 

9.6 Reconfiguration of the OUs 

In 2004, the RFCA Parties modified the 1996 OU Consolidation Plan in RFCA 
Attachment 1 to reduce the number of OUs that may need individual CADRODs. Thus, 
there are two OUs: the IA OU and BZ OU (Section 1 .O). 

In 2003, the RFCA Parties modified RFCA Attachment 5. Included in the modification 
was a refinement of future land use assumptions, as depicted on RFCA Attachment 5, 
Figure 1 , Conceptual R E T S  Land Uses. Figure 1 depicted an anticipated boundary of 
areas that will be subject to institutional controls. The Parties stated that the area that will 
be subject to institutional controls is subject to modification based upon characterization, 
future response actions, the results of the CRA, and the final remedialkorrective action 
decision in the final CADROD. 

0 

Results of the RI, RAO and ARARs analysis have concluded that areas impacted by DOE 
activities are within this boundary. For purposes of this RI/FS Report, the IA OU 
boundary will be reconfigured to match the anticipated boundary (RFCA Attachment 5, 
Figure 1) to consolidate all areas of the site that may require final remedial actions into 
the final reconfigured IA OU. The remaining portions of the site meet all RAOs and 
ARARs and have been consolidated into the final reconfigured BZ OU (see Figure 9.5, 
Figure 9.6, and Figure 9.7). Figure 9.5 includes groundwater sampling locations where 
composite MCLs were exceeded in the reconfigured BZ OU. Figure 9.6 includes 
subsurface soil sampling locations where volatilization PRGs are exceeded in the 
reconfigured BZ OU. Details on the analyte(s) causing the exceedance(s) at each location 
are discussed in Table 9.3. 

The reconfigured IA OU boundary is intended for discussion purposes and may be refined 
throughout the CAD/ROD process. This reconfiguration and nomenclature are used 
throughout the remainder of the RWS Report. 
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0 Since RAOs and ARARs are met without any further action in the reconfigured BZ OU a 
detailed analysis of alternatives is not required for the reconfigured BZ OU. Two RAOs 
are not met in the reconfigured IA OU; however, ARARs are met in the reconfigured IA 
OU. Alternatives will be developed and evaluated in detail for the reconfigured IA OU 
(Section 10.0). 
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Table 9.1 
Summary and Status of the RAOs 

problem Addr&ed 
..:;: :+ y ” 1 3 -L,. 

Source of surface 
water contamination 
via particulate erosion 

’ 9’7j.j &yQ . a ’  * 

Direct exposure to 
human or ecological 
receptors 

Soil RAO 2: 
Prevent migration of contaminants that 
would result in exceedances of surface 
water RAOs. 
Section 9.4.2 
Soil RAO 3: 
Prevent exposures that result in 
unacceptable risk to the WRW. The 10- 

risk level shall be used as the point of 
departure for determining remediation 
goals for alternatives when ARARs are 
not available or are not sufficiently 
protective because of the presence of 
multiple contaminants at the site or 
multiple pathways of exposure [40 CFR 
300.430(e)(2)(i)(A)(2)]. Prevent 
significant risk of adverse ecological 
effects. 
Section 9.4.2 

2 of3  

This RAO is met. 

While the calculated risks for 
all surface soiYsurface 
sediment COCs were at the 
low end of the acceptable risk 
range, all COCs except 
plutonium-239/240 in the 
Wind Blown Area EU were 
either comparable to 
background risks for the COC 
or of limited spatial extent or 
location. 

The 10 CFR 20 Subpart E 
dose rate criteria for restricted 
and unrestricted use are met 
because residual levels of 
RETS-related radiological 
contamination do not result in 
the exceedance of the annual 
radiation dose limits for the 
WRW under the RFETS land 
use as a wildlife refuge. If this 
land became unrestricted in 
the future, annual dose limits 
for the unrestricted user 
would also be met. 

The qualitative assessment of 
:he indoor air volatilization 
pathway concluded that the 
insignificant pathway 
issumptions could not be met 
f buildings were constructed 
ind occupied in some areas of 
he site. 

Vhile this RAO is met based 
>n the low risk Dresented bv 
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residual plutonium-239/240 
remaining in surface soil, the 
FS will evaluate removing 
plutonium-239/240 
contamination to below 9.8 
pCi/g, which is the 1 x low6 
WRW risk target 
concentration. The FS will 
also evaluate specific 
measures to prevent buildings 
from being constructed over 
areas where the indoor air 
volatilization PRGs are 
exceeded. 

The ERA evaluation 
concluded that there is no 
significant risk of adverse 
ecological effects. 



ARARs 

Requirement Citation I Type 1 Comment 

NATIONAL EMISSION STANDARDS FOR HAZARDOUS AIR 
POLLUTANTS 

National Emission Standards for Emissions of Radionuclides Other Than 
Radon From DOE Facilities 

- Standard 

- Emission Monitoring and Test Procedures 

- Compliance and Reporting 

40 CFR 61 

40 CFR 61, Subpart H 

61.92 

61.93 

6 1.94 

C/L 

CIA 

C/u  
A 

CAQCC Reg. No. 8 (5 CCR 1001-10) 
incorporates 40 CFR 61, subpart H without 
change. 
Emissions of radionuclides to the ambient air 
from DOE facilities shall not exceed those 
amounts that would cause any member of the 
public to receive in any year an EDE of 10 
mredyr. 
Radionuclide emissions shall be determined 
and EDE values to members of the public 
calculated using EPA-approved sampling 
procedures, computer models CAP-88 or 
AIRDOS-PC, or other procedures for which 
EPA has granted prior approval. Potential 
sources of radionuclide emissions will be 
evaluated in the FS based on results from 
established perimeter and on-site sampler 
networks. Periodic evaluation and monitoring 
(if required because of the source term) will be 
developed and implemented pursuant to the 
final remedy decision in the CADROD. 
Compliance with the standard shall be 
determined by calculating the highest EDE to 
any member of the public at any off-site point 
where there is a residence, school, business, or 
office. 
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Requirement 

Tab @2 

Citation I Type I Comment 

National Emission Standard for Asbestos 
- Cover 

40 CFR 61, Subpart M 
6 1.15 1 (a)(3) 

- Signage 6 1.15 1 (b) 

A n  

AIL 

- Notification to Administrator in writing at least 45 days prior to 
excavating or otherwise disturbing any asbestos-containing waste 
material 

- Notation on deed 6 1.15 1 (e) A 

The Present Landfill, MSS 114, may contain 
regulated asbestos-containing waste material. 
Any asbestos-containing waste material was 
covered with at least 60 centimeters (2 feet) of 
compacted nonasbestos-containing material. 
The cover will be maintained to prevent 
exposure of the asbestos-containing waste 
material. The specific maintenance plan will 
be documented as part of the final remedy 
decision and other enforceable document. 
Subpart M is only an ARAR for the Present 
Landfill, IHSS 114. 
Since there is no natural barrier to adequately 
deter access by the general public, installation 
and maintenance of warning signs and fencing 
will be complied with under 40 CFR 
6 1.15 1 (a)(3). 
Requirements for notification will be included 
as part of the final remedy decision in the 
CAD/ROD and other enforceable document. 
The environmental covenant will include a 
notation that the Present Landfill, IHSS 114, 
may have been used for the disposal of 
asbestos-containing waste material. 
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ARARs 

I .  

I 

COLORADO BASIC STANDARDS AND METHODOLOGIES FOR 
SURFACE WATER 

Mixing Zones 

Process for Assigning Standards and Granting, Extending, or Removing 
Temporary Modifications 

I Basic Standards Applicable to Surface Waters of the State 

CLASSIFICATION AND NUMERIC STANDARDS SOUTH PLATTE 
RIVER BASIN, LARAMIE RIVER BASIN, REPUBLICAN RIVER 
BASIN, SMOKY HILL RIVER BASIN 

Classification Tables 

COLORADO BASIC STANDARDS FOR GROUND WATER 
Point of Compliance 

SITE SPECIFIC WATER QUALITY CLASSIFICATIONS AND 
STANDARDS FOR GROUND WATER 

Rocky Flats Area, Jefferson and Boulder Counties 

5 CCR 1002-31 

31.7 

31.10 
31.11 

5 CCR 1002-38 

38.6 

5 CCR 1002-41 
41.6 

5 CCR 1002-42 

42.7( 1) 

C/L 

C/L 

C/L 
C L  

C/L 

Assessment and monitoring of surface water 
quality is 'described in the surface water 
remedial action. Remediation alternatives that 
would require changes to standards, temporary 
modifications, and the use of mixing zones may 
be evaluated in the FS. Monitoring 
requirements will be developed and 
implemented pursuant to the final remedy 
decision in the CADROD. 

Lists use classification and parameters for 
Segments 4a, 4b, and 5 of Big Dry Creek 
(Woman and Walnut Creeks on RFETS). 

The POCs for assessment and monitoring of 
ground water quality are the POC wells 
described in the groundwater and soils RAOs. 

The use classification for groundwater at 
RFETS is surface water protection. This 
classification recognizes that groundwater is 
not a current or potential source of drinking 
water, recognizing that controls to prohibit and 
prevent use of contaminated groundwater are 
and will be in place at RFETS. 
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Tab 9.2 

Requirement Citation I Type I Comment 

PERMITS FOR DREDGED OR FILL MATERIAL; DISCHARGES OF 
DREDGED OR FILL MATERIAL INTO WATERS OF THE UNITED 
STATES 
D Definitions 
0 Discharges Requiring Permits 

~ ~ 

DOE COMPLIANCE WITH FLOODPLAINWETLANDS 
ENVIRONMENTAL REVIEW REQUIREMENTS 

Floodplaifletlands Determination 
FloodplainiWetlands Assessment 

NPDES 
Applicant Responsibilities 

General Permits- 
Stormwater Permit for Construction Activities 

33 USC 1344; 33 CFR 323 

33 CFR 323.2 
33 CFR 323.3 

~ 

10 CFR 1022 
10 CFR 1022.1 1 
10 CFR 1022.12 
10 CFR 1022.13 
33 USC 1342; 40 CFR 122 
40 CFR 122.26 
40 CFR 122.28 

t 
‘1 

An 

An 
A/L 

On-site remedial actions do not require permits, 
but remedies requiring discharge of dredge or 
fill material into waters of the United States 
(types of activities are defined in the 
regulation) must meet substantive requirements 
of any nationwide or regional permit or specific 
NPDES permit that may otherwise be required. 
Requirements for any remedial alternatives that 
require discharge of dredge or fill material will 
be evaluated in the FS. Final requirements will 
be implemented pursuant to the final remedy 
decision in the CADmOD. 

On-site remedial actions do not require permits, 
but remedies that discharge pollutants from 
point sources or that involve stormwater 
discharges must meet substantive requirements 
for a site-specific or general NF’DES permit. 
Requirements for any remedial alternatives that 
require discharge of pollutants will be 
evaluated in the FS. Final requirements will be 
implemented pursuant to the final remedy 
decision in the CADD2OD. 

DEN/M3200501 ].DOC 4 of 22 



ARARs 

RCRA Subtitle C Hazardous Waste Landfill Effluent Limitations 40CFR445.11 
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N C  Parameters that will be monitored for, at the 
Present Landfill (MSS 114).seep treatment 
system discharge are VOCs and metals. The 
effluent limits are the surface water standards 
applicable for the receiving water as listed in 



Tab e.2 
Requirement Citation I Type I Comment 

ENDANGERED SPECIES ACT 
Early Consultation 

Biological Assessment 

> Purpose 
> Preparation Requirements 
> Request for Information 
> Director’s Response 
> 
> 
> 
> Contents 
> IdenticaVSimilar to Previous Action 
> Permit Requirements 
> Completion Time 
> Submission of Biological Assessment 
> Use of Biological Assessment 

No Listed Species or Critical Habitat Present 
Listed Species or Critical Habitat Present 
Verification of Current Accuracy of Species List 

Interagency Cooperation 
Informal Consultation 

~ 

Formal Consultation 

16 USC 1531 et seq. 
50 CFR 402.1 1 

50 CFR 402.12 

50 CFR 402 
50 CFR 402.13 

50 CFR 402.14 

An 

An 

[dentify and minimize early in the planning 
stage of an action any potential conflicts 
between the action and federally listed 
proposed species and designated and proposed 
critical habitat. 
DOE will evaluate in the FS the potential 
effects of the action on listed and proposed 
species and designated and proposed critical 
habitat and determine whether any such species 
or habitat are likely to be adversely affected in 
determining whether formal consultation or a 
conference is necessary. 

Optional process that includes all discussions, 
correspondence, and so forth between the 
USFWS and DOE to assist in determining 
whether formal consultation or a conference is 
required. If, during this step, it is determined 
by DOE, with the written concurrence of 
USFWS, that the action is not likely to 
adversely affect listed species or critical 
habitat, the consultation process is terminated 
and no further action is necessary. Otherwise, 
formal consultation shall occur. 
Results of informal or formal consultation shall 
be evaluated in the FS. 
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Ta .2 

Requirement 

ARARs 

Citation I Type I Comment 

COLORADO WILDLIFE STATUTES 
Compliance With the Colorado Wildlife Statutes, Inctuding Nongame, 
Endangered, or Threatened Species Conservation Act and the State 
Statutes Regarding Illegal Possession 

MIGRATORY BIRD TREATY I 16 USC 701-715 
I 50 CFR 10 Taking, Possession, Transportation, Sale, Purchase, Barter, Exportation, 

CRS 33-1-101 to 33-6-209 
CRS 33-1-101 
CRS 33-1-102(34) and (43) 
CRS 33-2-104 
CRS 33-2-105 

ARCHEOLOGICAL AND HISTORICAL PRESERVATION ACT 
Notification and Request for Preservation of Data, Survey of Sites; 

CRS 33-6-109 

16 USC 469a-1 
16 USC 469a-l(a) 
16 USC 469a-l(b) Preservation of Data; Compensation 

AIL 

AIL 

L 

Remedial alternatives will be evaluated in the 
FS regarding whether they may be planned and 
implemented to prevent or minimize contact 
with listed birds and nests. 

Remedial alternatives will be evaluated in the 
FS regarding whether they may result in any 
prohibited taking or possession of any species 
or subspecies of wildlife appearing on the list 
of wildlife indigenous to the State of Colorado 
determined to be endangered within the State. 
The state interprets “taking” as including 
contamination-induced deaths of individual 
members of a species. The assessment for the 
PMJM in the CRA will address the potential 
for individual mice to be adversely affected by 
contact with ECOPCs. For other species with 
stable or healthy populations, the assessment 
will focus on population-level effects where 
some individuals may suffer adverse effects, 
but the effects are not ecologically meaningful 
because the overall site population is not 
significantly affected. 

Differs from National Historic Preservation Act 
in that it encompasses a broader scope of 
resources than those listed on the National 
Register and requires only preservation of the 
data (including analysis and publication). 
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Requirement 

FEDERAL NOXIOUS WEED ACT 

Citation I Type 1 Comment 

Duties of Federal Agencies 
Management of Undesirable Plants on Federal Lands 

COLORADO NOXIOUS WEED ACT 
D Duty to Manage Noxious Weeds 

Cooperation with Federal and State Agencies 

NATIONAL WILDLIFE REFUGE SYSTEM ADMINISTRATION ACT 

Pub. L. 93-629; 7 USC 2814 
?t seq. 
7 USC 2814 

CRS 35-5.5-101 et seq. 
Section 104 

Section 11 1 

16 USC 668dd(c) 

A 

L/A 

L/A 

L 

Remedial alternatives will be evaluated in the 
FS regarding whether they may result in any 
undesirable plant species at R E T S  and control 
measures needed for undesirable plant species 
targeted under any state agency cooperative 
agreements. 

Remedial alternatives will be evaluated in the 
FS regarding whether they may need to use 
integrated methods to manage noxious weeds if 
the same are likely to be materially damaging 
to DOE property or the land of neighboring 
landowners. 
The local governing bodies in Colorado are 
authorized to enter into cooperative agreements 
with federal and state agencies for the 
integrated management of noxious weeds 
within their respective territorial jurisdictions. 
The Jefferson County Noxious Weed 
Management Plan establishes the countywide 
strategy for the management, control, and 
eradication of noxious weeds in the County. 
Prohibits interference with natural growth or 
wildlife on national wildlife refuges 
administered by USFWS, unless permitted. 
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Tab e2 

I DENE03200501 1.DOC 

0 

Requirement Citation 1 Type I Comment 

RADIATION PROTECTION STANDARDS AND 
DECOMMISSIONING US NUCLEAR REGULATORY COMMISSION 
LICENSED FACILITIES 

Decommissioning Plan Contents - Must include a description of methods 
used to ensure protection of workers and the environment against radiation 
hazards during decommissioning. 

Decommissioning Plan Contents - Must include a description of the 
planned final radiation survey. 

. 

Decommissioning Plan Contents - Must include a description of the 
intended final condition of the site upon decommissioning. 
Decommissioning Under Restricted Conditions - Must demonstrate that 
reductions in residual radioactivity necessary to comply with the 
provisions of RH 4.61.2 (unrestricted use) would result in net public or 
environmental harm or were not being made because residual levels of 
contamination associated with restricted conditions are ALARA, taking 
into account consideration of any detriments expected to potentially result 
from decontamination and waste disposal. 
Decommissioning Plan Contents for Restricted Conditions - Plan Must 
specify intent to decommission by restricting use of the site and describe 
legally enforceable institutional controls and other mechanisms that 
provide reasonable assurance that the TEDE from residual radioactivity 
, distinguishable from background to the average member of the critical 
group will not exceed 25 mrem (0.25 mSv) per year. 

6 CCR 1007-1 
10 CFR 

RH 3.16.4.3(3) 
(70.38(g)(4)(iii)) 

RH 3.16.4.3(6) 

4.61.3.1 
(20.1403(a)) 

RH 3.16.4.3(7)(b) 
RH 3.16.4.6 
(20.1403(b) and (d)) 

A 

Colorado Division of Laboratory and Radiation 
Services regulations, 6 CCR 1007-1 (Radiation 
Health [RH]), are identified as ARARs. 
Comparable federal regulations are shown in 
parenthesis for reference. 
10 CFR 70 relates to special nuclear material. 
Identical provisions for source material and 
byproduct material are found at 10 CFR Parts 
40 and 30 respectively, but are omitted here for 
simplicity. The ARAR is for environmental 
protection, not worker health and safety aspects 
of the rule, which are not A R A R s .  
The requirements for a final radiation survey 
will be met through implementation of the 
S A P S  and the IMP. 
The description will be provided for remedial 
alternatives in the FS. 
The evaluation will be provided for remedial 
alternatives in the FS. 

The description will be provided in the FS, and 
specific plans will be developed and 
implemented pursuant to the final remedy 
decision in the CADROD. 
10 CFR 20.1403(c) specifies requirements for 
financial assurance to allow independent third 
party, including a government custodian of the 
site, to carry out control and maintenance of the 
site. (RH 3.16.4.6 specifies a long-term care 
warranty under RH 3.9.5.10 that may be 
required if restricted conditions are used.) The 
RFCA Parties agree that the FS need not 
evaluate a long-term care warranty at this time. 
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Tab @ .2 

Requirement Citation I Type I Comment 

Decommissioning Under Restricted Conditions - Residual radioactivity at 
the site has been reduced so that if the institutional controls were no longer 

. in effect, there is reasonable assurance that the TEDE from residual 
radioactivity distinguishable from background to the average member of 
the critical group is as low as reasonably achievable and would not exceed 
either: 

(1) 100 mrem (1 mSv) per year; or 

(2) 500 mrem (5 mSv) per year, provided: 

(i) further reductions in residual radioactivity necessary to comply 
with the 100 mredyr  (1 mSv/yr) value is not technically achievable, 
would be prohibitively expensive, or would result in net public or 
environmental harm; 

(ii) provisions for durable, legally enforceable institutional controls, 
which provide reasonable assurance that the TEDE from residual 
radioactivity distinguishable from background to the average member 
of the critical group will not exceed 25 mredyr (0.25 mSv) (see 
4.61.3.2); and 

(iii) periodic rechecks of the site no less frequently than every 5 years 
to ensure that the institutional controls remain in place as necessary to 
meet the criteria of d 20.1403(b). 

-. 

Surveys - A radiation survey has been performed that demonstrates that 
the premises are suitable for release in accordance with the criteria for 
decommissioning in 10 CFR Part 20, Subpart E including, as appropriate, 
a radiation survey performed in any separate building or outdoor area that 
contains residual radioactivity. 

RH 3.16.4.3(7)(~) 
(20.1403(e)) 

The analysis will be provided in the FS, and 
specific plans will be developed and 
implemented pursuant to the final remedy 
decision in the CADROD. 
Like 10 CFR 20.1403(c), 10 CFR 20.1403(e) 
also specifies requirements for financial 
assurance to allow an independent third party, 
including a government custodian of the site, to 
carry the3-year review. The RFCA Parties 
agree that the FS need not evaluate a long-term 
care warranty at this time. 

Requirements for radiation surveys have been 
met through the data collected and contained in 
the S A P S  and the IMP. 
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Requirement 

Units and Calibration - As appropriate, gamma levels must be reported at 
radioactive concentrations in pCi/L or pCi/n; instruments used must be 

Citation 1 Type I Comment 

. -  
identified and instrument calibratiodtesting must be certified. 
Completion Criteria -The criteria must include a determination that (1) 
radioactive materials have been properly disposed of and records of 
disposal have been forwarded to CDPHE; (2) regulatory requirements for 
license termination have been met; (3) long-term care warranty has been 
established, if required; and (4) institutional controls have been 
implemented to limit public doses, if required. 

New Information - If, based on new or previously unknown information, 
the criteria in RH 4.61 are not met and residual radioactivity remaining at 
RFETS could result in a significant threat to public health and safety, 
additional cleanup can be required. 

Radiation Protection Program -To the extent practicable, procedures and 
controls used shall be based on sound radiation protection principles to 
achieve public doses that are ALARA. 

RH 3.16.7 

RH 3.16.8 

RH 4.5.2 
(20.1 101(b)) 

AIL 

AIL 

- 
L 

A 

See comment for RH 3.16.6.2 above. Units are 
specified in the plans. 

Although license termination is not relevant to 
Rocky Flats, the substantive criteria in this 
regulation are relevant and appropriate to 
determining the endpoint for decommissioning 
at Rocky Flats. Subsection (1) is met by 
implementing the on-site remedial actions 
required under the final remedial decision in 
the CADIROD (off-site disposal is not subject 
to ARARs) ;  and subsections (2) and (4) are 
addressed in RH 4.61.2 through .4 (10 CFR 
20.1402 ) (discussed below). Subsection (3), 
which is grounded in RH 3.9.5.10 (10 CFR 
20.1403(c)), is discussed above under RH 
3.16.4.6 (10 CFR 20.1403 (b) and (d)). 
Records of disposal were forwarded to CDPHE 
in closeout reports. 
This standard is generally consistent with the 
“imminent and substantial endangerment“ 
standard under CERCLA. Present risk of future 
harm (for example, a risk of cancer due to long- 
term exposure) can be an “imminent“ threat. 
Planned implementation of site-approved 
procedures to meet DOE Order 5400.5, 
“Radiation Protection of the Public and the 
Environment” and the Site’s Integrated Work 
Control Package will be described for remedial 
alternatives in the FS, and specific plans will be 
developed and implemented pursuant to the 
final remedy decision in the CADIROD. 
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Requirement 

Tab e.2 
Citation I Type I Comment 

ARARs 

Radiation Protection Program - The Program imposes constraint on air 
emissions of radioactive material to the environment to implement 
ALARA. “Individual member of the public likely to receive the highest 
dose” will not be expected to receive a TEDE greater than 10 mredyr 
from air emissions. Requires exceedance reporting and corrective action 
to ensure against recurrence. 
Dose Limits for Individual Members of Public - Surveys of radiation 
levels in unrestricted areas and radioactive materials in effluents released 
to unrestricted areas shall be made to demonstrate compliance with the 
dose limits for individual members of the public. 

Dose Limits for Individual Members of Public - The limits provide the 
means to demonstrate compliance with RH 4.14( 10 CFR 20.1301(a)) by 
measurement or calculation that dose does not exceed the annual limit, or 
by demonstrating that annual average radioactive material concentration 
released in gaseous and liquid effluents at boundary of the unrestricted 
area does not exceed Appendix B, Table 2, “Effluent Concentrations,” 
and, if an individual were continually present in an unrestricted area, the 
dose from external sources would not exceed 0.002 rem (0.02mSv) in an 
hour and 0.05 rem (0.5 mSv) in a year. 
Surveys - Surveys shall be made as necessary to evaluate radiation levels, 
concentrations of radioactive material, and potential radiological hazards 
that could be present. 

Calibration Frequency - Instruments and equipment used for qualitative 
radiation measurements must be calibrated periodically for the radiation 
measured. 

Calibration Intervals - Intervals shall not exceed 12 months, unless 
otherwise noted by regulation. 

RH 4.5.4 
(20. I10 1 (d)) 

RH 4.15.1 
(20.1302(a)) 

RH 4.15.2.1 and .2 
(20.1302(b)) 

.. 

RH 4.17.1 
(20.15 0 1 (a)) 

20.1501(b) 

RH 4.17.2 

A 

A& 

L 

A/L 

A 

Will be implemented consistent with 40 CFR 
61, Subpart H ARARs. The state interprets 
“individual member of the public” to include a 
USFWS worker. 

Surveys will be conducted pursuant to site- 
approved procedures to meet DOE Order 
5400.5, “Radiation Protection of the Public and 
the Environment.” Will be implemented 
consistent with 40 CFR 61, Subpart H ARARs 
for air emissions. Surface water quality will be 
monitored and assessed as described in the 
surface water RAOs. 
Site-approved procedures to meet DOE Order 
5400.5, “Radiation Protection of the Public and 
the Environment,” are based on the same dose 
rate limits. Will be implemented consistent 
with 40 CFR 61, Subpart H ARARs for air 
emissions. Surface water quality will be 
monitored and assessed as described in the 
surface water RAOs. 

Requirements for radiation surveys will be met 
through implementation of the Sampling and 
Analysis Plans and the Integrated Monitoring 
Plan for Environmental Restoration. 
Requirements for equipment calibration will be 
met through implementation of the S A P S  and 
the IMP. 
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Tab ikb, 
ARARS 

ATOMIC ENERGY ACT, 42 U.S.C. 2011, et seq. .- 
Requirement I Citation I Type I Comment 

Waste Disposal - Waste shall be disposed of only by transfer to 
authorized recipient, by decay in storage, and by release in effluents 
within the limits of subpart RH 4.14 (20.1301). 

Radiological Criteria for Decommissioning (applicable to certain facilities 
licensed to use radioactive materials) - Maximum TEDE to “average 
member of the critical group” within the first 1,000 years after 
decommissioning must be calculated. 

Criteria for Unrestricted Use - Residual radioactivity above background 
has been reduced to levels that are ALARA and results in TEDE to 
average member of the critical group that does not exceed 25 mredyr, 
including groundwater sources of drinking water. Determination of dose 
and residual activity levels that ALARA must take into account 
consideration of any detriments expected to potentially result from 
decontamination and waste disposal, 

Criteria for Restricted Use - Provisions were made for durable, legally 
enforceable institutional controls that provide reasonable assurance that 
TEDE to average member of the critical group will not exceed 25 
mredyr; and, if institutional controls were no longer in effect, TEDE 
above background is ALARA and would not exceed either 100 mredyr 
or 500 mredyr if demonstrated that further reductions are not technically 
achievable, would be prohibitively expensive; or would result in net public 
or environmental harm. 

RH 4.33 
(20.2001(a)(3)) 
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RH 4.61.1.2 
(20.1401(d)) 

RH 4.61.1.3 
RH 4.61.2 
(20.1402) 

RH 4.61.3.2 and .3 
(20.1403(b) and (e)) 

AIL 

- 
AIL 

An 

AIL 

Transfer to authorized recipient is not ARAR 
because transfer is not an on-site remedial 
action. Decay in storage is not a feasible 
alternative. Remedial alternative components 
that involve off-site release in effluents (if any) 
will be evaluated in the FS. 
Although license termination is not applicable 
to Rocky Flats, the substantive criteria in this 
regulation are relevant and appropriate 
standards for the RFETS final remedy. See 
Results of the Interagency Review of 
Radionuclide Soil Action Levels, September 
30, 2002. 
The analysis will be provided in the FS, and 
specific plans will be developed and 
implemented pursuant to the final remedy 
decision in the CADROD. Locations of past 
burial of certain ash and debris contaminated 
with low levels of uranium and plutonium will 
be evaluated under this rule for release under 
unrestricted or restricted release criteria, as 
appropriate, pursuant to this ARAR. The RFCA 
Parties have determined that 6 CCR 1007- 1, 
Part 14 Licensing Requirements for Land 
Disposal of Low-level Radioactive Waste, need 
not be identified as an ARAR because the 
radiological criteria for decommissioning was 
intended to cover these types of past burial 
practices. 
The analysis will be provided in the FS, and 
specific plans will be developed and 
implemented pursuant to the final remedy 
decision in the CADROD. 

See comment for RH 4.61.2 above. 



Requirement 

Alternate (Decommissioning) Criteria - Alternate criteria may be 
used i f  
- Assurance is provided that public health and safety would 

continue to be protected; 
It is unlikely that TEDE would be more than 100 mredyr; 
Restrictions are employed for on-site use that minimizes 
exposures at ihe site; and 
Doses are reduced to ALARA levels. 

- 
- 
- 

Citation I Type I Comment 

,.. ' 
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RH 4.61.4.1.1 through .3 
(20.1404(a)) 

A n  The analysis will be provided in the FS, and 
specific plans will be developed and 
implemented pursuant to the final remedy 
decision in the CAD/ROD. 

\ 



Requirement 

GENERAL 

Exclusions 

Citation I Type I Comment 

6 CCR 1007-3, Part 261, 
Subpart A 
(40 CFR 261, Subpart A) 
.4(a)(2) A Industrial wastewater discharges that are point 

source discharges subject to regulation under 
Section 402 of the CWA are not considered 

I (40CFR261) I I determine a hazardous waste classification. 
GENERATOR STANDARDS I 6 CCR 1007-3 Part 262 

IDENTIFICATION AND LISTING OF HAZARDOUS WASTES 
solid wastes. 
All remediation waste will be characterized to 6 CCR 1007-3,261 A 

Hazardous.Waste Determinations 

Hazardous Waste Accumulation Areas 

(40 CFR Part 262) 
.11 A/C Persons who generate solid wastes are 

required to determine if the wastes are 
hazardous according to 6 CCR 1007-3 Parts 
261,267,279 (40 CFR Parts 261,266, and 
279). _, 

.34 A Persons who accumulate hazardous waste in 
containers or tanks must manage the waste in 
a manner that protects human health and the 

GENERAL 
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environment. 
6 CCR 1007-3, Part 265, 
Subpart A (40 CFR 265, 

Purpose, Scope, and Applicability 
Subpart A) 
-1 (c)( 10) A The requirements of Part 265 do not apply to 

elementary neutralization units or wastewater . 

GENERAL FACILITY STANDARDS 
r 

Security 

General Inspection Requirements 

Personnel Training Requirements 

treatment units. 
6 CCR 1007-3 Part 265, 
Subpart B (40 CFR Part 
265, Subpart B) 
.I4 An The owner/operator of a facility must prevent 

unauthorized access. 
.15 A/L The owner/operator of a facility must inspect 

for malfunctions, deteriorations, and releases, 
and must remedy deficiencies. 

.16 A/C Personnel must be trained. 



Requirement . Citation I Type I Comment 

Requirements for Ignitable, Reactive or Incompatible wastes 
PREPAREDNESS AND PREVENTION 

0 Required Equipment 

.17 A 
6 CCR 1007-3 Part 265, 
Subpart C 
(40 CFR 265, Subpart C) 
.32 AIC 

0 

0 

Testing and Maintenance of Equipment 
Access to Communications or Alarm System 

Arrangement with Local Authorities 

CONTINGENCY PLAN AND EMERGENCY PROCEDURES 

.33 AIC 

.34 AIL 

.37 A/L 

6 CCR 1007-3 Part 265, 
Subpart D 
(40 CFR Part 265, 

I C  

0 Purpose and Implementation 

0 Emergency Coordinator 

DENE03200501 I.DOC 16 of 22 

Subpart D) 
.5 1 A/C 

5 5  A 

The analysis will be provided in the FS, and 
ultimately in the CADROD for the final 
action. 
Facilities must be equipped with specified 
equipment to mitigate incidents, should they 
occur. 
Eauiument must be maintained. 

0 Emergency Procedures 

GROUND WATER PROTECTION (RELEASES FROM SWMUs) 

Employees must have access to emergency 
communications when managing hazardous 
waste. 
The owner/operator must make arrangements 

.56 A 

6 CCR 1007-3 Part 264, 
Subpart F (40 CFR Part 264, 

with specified local emergency personnel. 
The analysis will be provided in the FS, and 
ultimately in the CADROD for the final 
action. 

requirements for SWMUs, and for “regulated units” that received 
hazardous waste after July 26, 1982. SWMUs are subject to 264.101. 
Regulated units are subject to monitoring and response programs and 
groundwater protection standards for hazardous constituents that exceed 
specified standards at the POC (264.91 - 264.100). 

Emergencies such as fire, explosion, or 
release of hazardous waste must be mitigated 
immediatelv. 
A designated employee is responsible for 
coordinating emergency response actions. 
The emergency procedures of the RFETS 
Emergency Response Plan will be followed. 

The only regulated units are the SEP, IHSS 
101 and the Present Landfill, IHSS 114, 
which are being closed under Part 265 
(Interim Status) requirements. The SEP, 
IHSS 101, was closed under 6 CCR 1007-3, 
section 265.110(d) and is not subject to post- 
closure monitoring because there are no 
hazardous constituents that exceed specified 
standards at a groundwater point of 



Ta !@!!I .2 

Requirement 

0 

Citation I Type I Comment 

Concentration Limits - Alternate concentration limits may be approved 
that do not pose a substantial present or potential hazard to human 
health and the environment. 

0 Corrective action for solid waste management units 

264.94 (b) (c) 

264.101 

C 

AIL 

compliance. The Present Landfill, IHSS 114, 
was closed under 6 CCR 1007-3, section 
265.11 1 and is subject to post closure 
monitoring, response and ground water 
protection standards for hazardous 
constituents that exceed specified standards at 
the POC under Part 264. A groundwater 
monitoring system was implemented under 
the Present Landfill IM/IRA and the IMP 
pursuant to 6 CCR 1007-3, section 264.93. A 
total of six (three upgradient and three 
downgradient) RCRA groundwater 
monitoring wells have been established. The 
constituents that will be monitored for are 
VOCs and metals. The purpose of the 
monitoring is to evaluate upgradient versus 
downgradient groundwater quality at the 
Present Landfill. These specific monitoring 
requirements and maintenance plans will be 
documented as part of the final remedy 
decision in the CADROD and other 
enforceable document. 
While IHSS 114 will be subject to interim 
status post-closure monitoring, and SWMUs 
are not subject to this requirement, this 
section provides criteria that may be relevant 
and appropriate in establishing groundwater 
concentrations for post-closure groundwater 
monitoring. ACLs will be evaluated if 
necessary in the FS. Specific plans will be 
developed and implemented pursuant to the 
final remedy decision in the CADROD. 
Each IHSS has been evaluated, and an 
accelerated action taken as necessary, in 
compliance with RFCA. RFCA paragraph 11 
states that compliance with the requirements 

17 of 22 DEN/E032005011 .DOC 



ARARs: 
SUBTITLE C: HAZARDOUS WASTE MANAGEMENT (CHWA [CRS 0 0 25-15-101 to -2171) 

, SOLID WASTE DISPOSAL ACT (RCRA) (42 USC § 6901 et. seq.) 
Requirement Citation I Type I Comment 

GROUNDWATER MONITORING 

Applicability - Monitoring applies to landfills, surface impoundments 
and land treatment facilities (“regulated units”). Program must be 
capable of determining facility’s impacts on ground water in uppermost 
aquifer underlying the facility. Alternate ground water monitoring 

6 CCR 1007-3 Part 265, 
Subpart F (40 CFR Part 265, 
Subpart F) 
265.90 AAJ 

C 

of this Agreement will be deemed to achieve 
compliance with (c) the corrective action 
requirements of CHWA, including 6 CCR 
1007-3 sections 264.101 and 265.5; and (d) 
the closure requirements of CHWA for those 
hazardous waste management units identified 
in RFCA Attachment 3. It is anticipated that 
the completion of the accelerated actions will 
complete the corrective action for soil at each 
IHSS (formerly SWMU). In recognition that 
groundwater contamination could be caused 
by releases from multiple hazardous waste 
management units and/or from sources other 
than but around hazardous waste management 
units, corrective action for groundwater has 
been addressed on a site-wide basis. Two 
groundwater plume treatment systems 
(ETPTS and MSPTS) were installed as 
accelerated actions. These systems, combined 
with the source removal accelerated actions, 
are anticipated to be the corrective action for 
groundwater. The operation and maintenance 
of the groundwater plume treatment systems 
will continue and be identified in the FS. 
Notwithstanding the above, the RFCA Parties 
recognize that the final remediakorrective 
action decisions may require some additional 
work as specified in the CADROD to ensure 
an adequate remedy. 

Alternate groundwater monitoring system 
may be approved if it is known that 
monitoring indicator parameters are already 
exceeded at rewired monitoring Doints. 

DENIE03200501 ].DOC 18 of 22 
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Requirement 

0 

Citation I Type I Comment 

system (265.90(d)) or alternative requirements (265.90(f)) may be 
approved for any of the requirements specified in Subpart F. 

DEN/U)3200501 I .DOC 19 of 22 

Alternative requirements that are protective of 
human health and the environment may be 
approved if a regulated unit is situated among 
SWMUs or AOC, a release has occurred, and 
the regulated unit and SWMU or AOC are 
likely to have contributed to the release. A 
groundwater monitoring system was 
implemented under the Original Landfill, 
IHSS 115, IM/IRA. A total of four (one 
upgradient and three downgradient) RCRA 
groundwater monitoring wells have been 
established. The constituents that will be 
monitored for are VOCs, SVOCs, pesticides, 
and metals (including uranium). The purpose 
of the monitoring is to evaluate upgradient 
versus downgradient groundwater quality at 
the Original Landfill. These specific 
monitoring requirements and maintenance 
plans will be documented as part of the final 
remedy decision in the CADROD. 

' 



Ta a . 2  

Requirement Citation I Type I Comment 

Groundwater Monitoring System - System must have at least one 
upgradient well to monitor water representative of background not 
affected by the facility. It must have at least three downgradient wells 
at the limit of the waste management area to immediately detect 
hazardous waste or constituents migrating from the waste management 
area to the uppermost aquifer. Alternate downgradient wells may be 
approved and the limit of the waste management area may encompass 

A/L/ 
C 

265.9 1 The rationale for monitoring well locations 
for the Original Landfill is described in the 
Original Landfill IM/IRA. Selection of well 
locations will be documented as part of the 
final remedy decision in the CADROD. 

several waste management components. 
Sampling and Analysis - A plan must be in place for obtaining and 0 I 265.92 A/C - -  
analyzing samples €or concentrations of specified groundwater quality 
and contamination parameters at least annually and semiannually, 
respectively. This is for the periodic indicator evaluation of 
groundwater. 
Preparation, Evaluation, and Response - A groundwater quality 
assessment outline must describe a comprehensive groundwater 
monitoring program capable of determining if hazardous waste and 
constituents have entered the groundwater and the extent, migration and 
concentration of contamination. If evaluation is triggered by the 
periodic indicator evaluations, sampling and analysis frequency under 
this section will be at least quarterly. Annual evaluation of groundwater 
elevations must be made to determine if well location requirements are 
satisfied. 

. 

0 

The rationale for monitoring well sampling 
and analysis parameters is described in the 
Original Landfill IM/IRA. The sampling and 

~ ~ ~~~ ~ 

Recordkeeping and Reporting A 265.94 

assessment is described in the Original 
Landfill IM/IRA. The evaluation plan will be 
documented as part of the final remedy 
decision in the CADROD. 

Recordkeeping and reporting protocols will 
be implemented pursuant to the final remedy 
decision in the CADROD. 
This ARAR applies to the Present Landfill, 
IHSS 114, and the Original Landfill, IHSS 

CLOSURE AND POST-CLOSURE 

health and the environment. 
If alternate closure reauirements are aDDroved 

Applicability - Hazardous waste management facilities must meet 
closure requirements and, relevant to RFETS, hazardous waste disposal 
facilities and tank systems closed as landfills are subject to post-closure 
care requirements. Alternative requirements (265.1 10(d)) may be 
approved for any of the requirements specified in Subpart G. 

6 CCR 1007-3 Part 265, 
Subpart G (40 CFR Part 
265, Subpart G) 
265.110 

I 0 Closure Performance Standard I 265.111 
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analysis plan will be documented as part of 
the final remedy decision in the CADROD. 
The outline for groundwater quality 

A 
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Requirement Citation 1 Type I Comment 

Disposal or Decontamination of Equipment, Structures, or Soils 
Survey Plat - A plat prepared by a professional land surveyor must be 
prepared showing location of waste in relation to survey benchmarks. 

Post-Closure Care and Use of Property - A 30-year period for identified 
post-closure care monitoring, maintenance, and security requirements 
must be specified. Period may be shortened or extended, based on 
protection of human health and the environment. 

0 

0 Post-Closure Plan - For each hazardous waste management unit subject 
to the requirements of this section, the post-closure plan must identify 
the activities that will be carried on after closure of each disposal unit 
and the freauencv of the activities. 
Post-Closure Notices - Plat should be filed with local authority and the 
property deed (if any) annotated and recorded to include plat. 

Certification of Completion of Post-Closure Care 

0 Post-Closure Requirements for Facilities That Obtain Enforceable 
Documents in Lieu of Post-Closure Permits 

LANDFILLS 

~ 

Surveying and Recordkeeping 
Closure and Post-Closure Care - Specifications for final cover 
construction and design, and the maintenance of monitoring and other 
components and benchmarks, must be identified. 

per 265.110(d), closure must meet 265.11 l(a) 
and (b). Otherwise, 265.1 1 l(c) must also be 
met. 

Survey plat will be prepared and provided to 
third parties and retained by DOE as required 
by the final remedy decision. 
The post-closure care period and any 
necessary restrictions on land use or 
disturbance will be analyzed in the FS. The 
plan €or post-closure care and use will be 
developed and implemented as required by 

265.119 

265.120 

265.121 

A 

A 

A 

Survey plat will be prepared and provided to 
third parties and retained by DOE as required 
by the final remedy decision. 
Certification that the post-closure care period 
was performed in accordance with the 
approved post-closure plan will be submitted 
no later than 60 days after the completion of 
the established post-closure care period. 

6 CCR 1007-3 Part 265, 
Subpart N (40 CFR Part 
265, Subpart N) 
265.309 
265.310(b)(.l), (3), (4), and 
( 5 )  

AIL The Present Landfill, IHSS 114, and the 
Original Landfill, IHSS 115, are the only 
units that will have a cover that must attain 
this AUAR. 
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ARARs 

I I Type I Comment Requirement Citation I 
PCB STORAGE AND DISPOSAL 

PCB Bulk Product Waste 

ENVIRONMENTAL COVENANTS 
Nature of Environmental Covenants 

Contents 

When Required , 

Creation, Modification and Termination of an Environmental Covenant. 

40 CFR 761 Subuart D I 

C.R.S. 25-15-317 et seq 
25- 15-3 18 

25-15-321 I 
1 A - Action-Specific ARAR; C - Chemical-Specific ARAR; L - Location-Specific ARM; TBC - To Be Considered 1 

DEN/M3200501 I.DOC 22 of 22 

General PCB Disposal Requirements - 
Concrete painted with PCB-based paints may 
be left in place in the basements of 
demolished building, and concrete rubble 
containing PCB-based paints may be stored 
on-site and used as backfill, pursuant to the 
letter from Kerrigan Clough to Joe Legare, 
Approval of Risk-Based Approach for 
Polychlorinated. Biphenyls (F'CBs)- Based 
Painted Concrete, November 2001. 

The purpose of the covenant is to provide an 
effective and enforceable means of ensuring 
the conduct of any required maintenance, 
monitoring, or operation, and of restricting 
future uses of the land, including placing 
restrictions on drilling for or pumping 
groundwater for as long as any residual 
contamination remains hazardous. 
The FS will evaluate alternatives that will 
involve required maintenance, monitoring, or 
operation, and of restricting future uses of the 
land. The evaluation will include the 
assumption that enforceable means of 
ensuring the conduct of these actions will be 
in place as specified in the final CAD/ROD. 
An environmental covenant shall be required 
where residual contamination remains at 
levels that have been determined to be safe 
for one or more specific uses, but not all uses; 
or an engineered feature or structure is 
incorporated that requires monitoring, 
maintenance, or operation or that will not 
function as intended if disturbed. 



0286 (Installed Near the east site 

south of Kestrel 
I in  1986) boundary and 

Gulch 

0486 (Installed Near east site 
in 1986) boundary, just I Flume Pond 

southeast of the 

ins Where MCL 

Total Chromium 

Total Nickel 

TotalChromium 

Fluoride 

. Table 9.3 
)r PRGs Were Exceeded Inside the Reconfirmred BZ OU Boundarv 

With the presence of both chromium'and nickel in this well, the 
concentration of chromium observed in groundwater may be 
attributable to stainless-steel well casings, pump parts, and well 
tubing stabilizers. See Section 7 for additional information 
regarding chromium. There are two detected concentrations of 
chromium in this well (both occurring in 1992 and closely 
matching the nickel concentrations),'since it was installed in 1986. 
The first detected concentration of chromium was below the MCL. 
With the presence of both chromium and nickel in this well, the 
concentration of nickel observed in groundwater may be 
attributable to stainless-steel well casings, pump parts, and well 
tubing stabilizers. See Section 7 for additional information 
regarding nickel. There are two detected concentrations of nickel 
in this well (both occurring in 1992 and closely matching the 
chromium concentrations), since it was installed in 1986. The first 
detected concentration of chromium was below the MCL. 
A chromic acid spill occurred from $e former Building 444 
basement as was contained in the B-Ponds and was pumped to 
Upper Church Ditch where it was below surface water standards. 
This well is located north of the former Building 444 and north of 
Upper Church Ditch. A portion of the chromium observed in 
groundwater may be attributable to stainless-steel well casings,. 
pump parts, and well tubing stabilizers. See Section 7 for 
additional information regarding chromium. There are six detected 
concentrations of chromium in this well, since it was installed in 
1986, with the highest concentration detected in 1992, which is the 
most recent concentration. 
Fluoride or fluorite was not identified in the ChemRisk Task 1 
report as a chemical in inventory at RFETS (K-H 2005). See 
Section 7 for additional information regarding fluoride. There are 
only two detected concentrations for fluoride in this well (detected 
in 1992) since it was installed in 1986. 

DENE03200501 I.DOC 1 o f 8  
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10394-(Installed 
in 1994) 

11694 (Installed 
in 1994 and 
abandoned in 
1/03) 

11794 (Installed 
in 1994 and 
abandoned in 
1/03) 

Table 9.3 
Sampling Locations Where MCLs or PRGs Were 

Near the eastern 
site boundary, in 
the southeastern 
portion of the site, 
in Mower Ditch 

North central 
portion of the BZ 
OU, north of 
Upper Church 
Ditch and 
southeast of Grape 
Draw stream 

North central 
portion of the BZ 
OU, north of 
Upper Church 
Ditch and 
southeast of Grape 
Draw stream. 
Located in the 
same area as well 
1 1694. 

Total Nickel 

Total Chromium 

Total Chromium 

233 P g n  

weeded Insid 

Nickel plating was conducted in the former 700 area of the site 

DWIE03200SOI 1 .DOC 4 o f 8  

(K-H 2005). This well is located southeast of the former 700 area. 
A portion of the nickel observed in groundwater may be 
attributable to stainless-steel well casings, pump parts, and well 
tubing stabilizers. See Section 7 for additional information 
regarding nickel. There are nine detected concentrations of nickel 
in this well, since it was installed in 1994, with the highest 
concentration detected in 2003, which is the most recent 
concentration. Eight of the nine detected concentrations were an 
order of magnitude below the MCL. 
Nickel plating was conducted in the former 700 area of the site 
(K-H 2005). This well is located to the north of the former 700 
area. A portion of the nickel observed in groundwater may be 
attributable to stainless-steel well casings, pump parts, and well 
tubing stabilizers. See Section 7 for additional information 
regarding nickel. There is only one detected concentration (in 
1994) of nickel in this well, since it was installed in 1994 and 
abandoned in 2003. 
A chromic acid spill occurred from the former Building 444 
basement as was contained in the B-Ponds and was pumped to 
Upper Church Ditch where it was below surface water standards. 
This well is located to the north of the former 444 building and 
north of Upper Church Ditch. A portion of the chromium 
observed in groundwater may be attributable to stainless-steel well 
casings, pump parts, and well tubing stabilizers. See Section 7 for 
additional information regarding chromium. There is only one 
detected concentration of chromium (in 1994) in this well, since it 
was installed in 1994 and abandoned in 2003. 
A chromic acid spill occurred from the former Building 444 
basement as was contained in the B-Ponds and was pumped to 
Upper Church Ditch where it was below surface water standards. 
This well is located to the north of the former 444 building and 
north of Upper Church Ditch. A portion of the chromium 
observed in groundwater may be attributable to stainless-steel well 
casings, pump parts, and well tubing stabilizers. See Section 7 for 
additional information regarding chromium. There is only one 
detected concentration of chromium (.in 1994) in this well, since it 
was installed in 1994 and abandoned in 2003. 



41091 (Installed 
in 1991 and 
abandoned in 
6/05) 

50794 (Installed 
in 1994 and 
abandoned in 
7/02) 

Sampling Local 
.jiDesC14ptiob:., 2. 

j: .;:;;#;;e;;;+ .- . . -;j;,::::; : 
:'::<. " .'; 

North eastern 
portion of the BZ 
OU and just 
northeast of Pond 
A-4 

Southwestern 
portion of the BZ 
OU near the site 
boundary, north of 
Woman Creek 

Table 9.3 
Ins Where MCLs or PRGs Were Exceeded Inside the Reconfigured BZ OU Boundarv 

Total Chromium 

Total Nickel 

NitrateMitrite as N 

147 k& 

14,100 pg/L 10,000 pg/L 

5 o f 8  

With the presence of both chromium and nickel in this well, the 
concentration of chromium' observed in groundwater may be 
attributable to stainless-steel well casings, pump parts. and well 
tubing stabilizers. See Section 7 for additional information 
regarding chromium. There are eight detected concentrations of 
chromium in this well (closely matching the nickel 
concentrations), since it was installed in 1991, with the highest 
concentration detected in 1995, which is the most recent 
concentration. Seven of the eight detected concentrations were an 
order of magnitude below the MCL. This well was abandoned in 
2005. 
With the presence of both chromium and nickel in this well, the 
concentration of nickel observed in groundwater may be 
attributable to stainless-steel well casings, pump parts, and well 
tubing stabilizers. See Section 7 for additional information 
regarding nickel. There are eight detected concentrations of nickel 
in this well (closely matching the chromium concentrations), since 
it was installed in 1991, with the highest concentration detected in 
1995, which is the most recent concentration. Seven of the eight 
detected concentrations were an ordei of magnitude below the 
MCL. This well was abandoned in 2005. 
Nitratdnitrite is naturally occurring in soil, surface water and 
groundwater. This locationis not part of the on-site nitrate 
groundwater plume located in the area of the historical solar 
evaporation ponds. See Section 7 for specific information 
regarding nitratehitrite. There are four detected concentrations of 
nitratehitrite in this well, since it was installed in 1994, with the 
highest concentration detected in 1995, which is the most recent 
concentration. Three of the four detected concentrations were at or 
below the MCL. 



0 

5 1594 (Installed 
in 1994 and 
abandoned in of McKav Ditch 

Western portion of 
the BZ OU, south 

63895 (Installed Northwestern 
in 1995 and portion of the BZ 
abandoned in OU, southwest of 
9/02) Lindsay 1 Pond 
77192 (Installed North central 
in 1992 and 
abandoned in 
8/04) Landfill Pond 

8201189 Near north site 
(Installed in boundary, just east 
1989 and of Gentian Draw 
abandoned in stream 

portion of the BZ 
OU, north of East 

10/02) 

Nitratemitrite as N 

Teuachloroethene 

Fluoride 

Total Nickel 

Total Chromium 

0 
Table 9.3 

15,100 pg/L 

15.8 pg/L 

334 

729 clgn 

10,000 p g n  Nitratehitrite is naturally occurring in soil, surface water and 
groundwater. This 1ocation.is not part of the on-site nitrate 
groundwater plume located in the area of the historical solar 
evaporation ponds. See Section 7 for specific information 
regarding nitratehitrite. There are four detected concentrations of 
nitratehitrite in this well, since it was installed in 1994, with the 
highest concentration detected in 1995, which is the most recent 
concentration. Two of the four detected concentrations were 
below the MCL. 
Tetrachloroethene was used at RFETS. See Section 7 for specific 
information regarding tetrachloroethene. There is only one 
detected concentration of tetrachloroethene (in 2002) since the 
well was installed in 1995 and abandoned in 2002. 
Fluoride or fluorite was not identified in the ChemRisk Task 1 
report as a chemical in inventory at RFETS (K-H 2005). See 
Section 7 for additional information regarding fluoride. There is 
only one detected concentration for fluoride in this well (detected 
in 1995), since it was installed in 1992 and abandoned in 2004. 
With the presence of both chromium and nickel in this well, the 
concentration of nickel observed in groundwater may be 
attributable to stainless-steel well casings, pump parts, and well- 
tubing stabilizers. See Section 7 for additional information 
regarding nickel. There are six detected concentrations of nickel in 
this well (closely matching the chromium concentrations), since it 
was installed in 1989, with the highest concentration detected in 
1992, which is the most recent concentration. Five of the six 
detected concentrations were orders of magnitude below the MCL. 
With the presence of both chromium and nickel in this well, the 
concentration of chromium observed in groundwater may be 
attributable to stainless-steel well casings, pump parts, and well 
tubing stabilizers. See Section 7 for additional information 
regarding chromium. There are six detected concentrations of 
chromium in this well (closely matching the nickel concentrations) 
since it was installed in 1989, with the highest concentration 
detected in 1992, which is also the most recent concentration. Five 
of the six detected concentrations were orders of magnitude below 

. 

the MCL. 
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B201289 
(Installed in 
1989 and 
abandoned in 
10102) 

B206989 
(Installed in 
1989) 

B303089 
(Installed in 
1989) 

Near north site 
boundary, just 
north of Lindsay 
Branch stream 

East of the East 
Landfill Pond at 
the headwaters to 
No Name Gulch 
Stream 

Near the eastern 
and southern 
comer of the site 
boundary 

DWE0320050 I I .DOC 

0 
Table 9.3 

I 

NitrateNitrite as N I 28,000 pg/L 

Fluoride 

Nitratehitrite is naturally occurring in soil, surface water and 
groundwater. See Section 7 for specific information regarding 
nitratehitrite. This location is not part of the on-site nitrate 
groundwater plume located in the area of the historical solar 
evaporation ponds. There are seven detected concentrations of 
nitratehitrite in this well, since it was installed in 1989, with the 
highest concentration detected in 1991. This most recent 
concentration for nitratehitrite (detected in 1993) is lower than the 
concentration detected in 1991. 
Nitratehitrite is naturally occurring in soil, surface water and 
groundwater. This location is not part of the on-site nitrate 
groundwater plume located in the area of the historical solar 
evaporation ponds. See Section 7 for specific information 
regarding nitratehitrite. There are 32 detected concentrations of 
nitratehitrite in this well, since it was installed in 1989, with the 
highest concentration detected in 1992. This most recent 
concentration for nitratehitrite (detected in 2005) is lower than the 
concentration detected in 1992. This well is located down stream 
from the Present Landfill. 
Fluoride or fluorite was not identified in the ChemRisk Task 1 
report as a chemical in inventory at RFETS (K-H 2005). See 
Section 7 for additional information regarding fluoride. There are 
eight detected concentrations of fluoride in this well, since it was 
installed in 1989, with the highest concentration detected in 1991. 
This most recent concentration for fluoride (detected in 1995) is 
lower than the concentration detected in 1991. 

7 o f 8  



46392 

5 1494 

a The PRGs 

Table 9.3 

Located within the 
IDEU and is 
located further 
north 

. . .  
ions Where MCLs or PRGs Were Exceeded Insid 

Located within the 
IDEUandis I 

located further to 
the south 

Chloroform 

Mercury 

entified here are the volatilization PRGs as 

25.4 mg/kg 

lentified in Append: 

47.1 pg/kg 

9.47 mdkg 

A, Volume 2, Attachment 4. 

The maximum detected concentration (collected in 1992) is the 
same order of magnitude as the volatilization PRG. This sample 
was collected from an unusually large depth interval (0-60 feet), 
and almost all of the analytical data for the sample were either 
rejected (“R“ qualified) or estimated (“J” qualified). Thirty-two of 
the results were rejected and two were designated as estimated. 
Chloroform was one of the two J-qualified analytical results. A 
second sample was collected beneath the above described sample, 
also at an unusually large depth interval (61-102 feet). The 
concentration of chloroform (6 pg/kg) at this depth interval was 
below the volatilization PRG and slightly above the detection limit 
(5 pgkg). Volatilization risks from chloroform are considered 
neglible since the concentration is only slightly higher than the 
PRG. 
The maximum detected concentration (collected in 1994) is 
approximately twice the volatilization PRG. Fourteen subsurface 
soil samples were collected at this location to a depth of 60 feet in 
approximately 2 to 6 feet intervals. All of the samples (with the 
exception of this sample at the 4-6 feet depth interval) had 
concentrations of mercury at or below the detection limit (0.1 
mg/kg). Since the volatilization PRG is based on a HQ of 0.1, the 
HQ estimate for mercury would be approximately 0.2. An HQ of 
1 is considered to be protective of human populations, including 
sensitive subgroups. 
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Figure 9.1 
Groundwater and Surface Water 

Evaluation Locations 

KEY 

Area of Concern Well 
o Sentinel Well 
A Surface Water Point of Compliance 

Notes: 
1) Groundwater monitoring in the 
Present Landfill and Original Landfill 
areas is defined in corresponding 
RFCA Decision Documents. This is 
defined and shown in the FY05 IMP. 
2) Some of the wells shown on this 
figure and listed in the IMP will be 
replaced (with wells that have different 
identification numbers) and the IMP 
will be updated accordingly. 
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Figure 9.2 
UHSU Groundwater Sampling 
Locations Where Composite 

MCLs Were Exceeded 

KEY 
0 Sample collected since January 1.2000 

Sample collected between 
January 1,1995 and December 31,1999 
Sam le collected between June 28,1991 

A and &cember 31,1994 

0 Concentrations > MCL 

0 Concentrations <= MCL 

Standard Map Features 
0 IA OU boundary 
0 Pond 

Perennial stream 
Intermittent stream 
Ephemeral stream 

- - 

II Site boundary 

0 1000 2000 Feet - 
Scale 1:24,000 

State Plane Coordinate Projection 
Colorado Central Zone 

Datum: NAD 27 

U.S. Department of Energy 
Rocky Flats Environmental 
Technology Site 



I Figure 9.3 

Subsurface Soil Sampling 
Locations Where Volatiliration 

PRGs Were Exceeded 

KEY 

@ Exceeded volatiliition PRGs 

0 Did not exceed volatilization PRGS 
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10.0 DETAILED ANALYSIS OF ALTERNATIVES 

10.1 Introduction 

This section presents an evaluation of alternatives for final remedial actions to be 
implemented to ensure that the residual contamination at the Rocky Flats Environmental 
Technology Site (RFETS) does not present an unacceptable risk to human health or the 
environment. In accordance with the Rocky Flats Cleanup Agreement (RFCA) paragraph 
83, after completion of all planned RFCA accelerated actions, the Colorado Department 
of Public Health and Environment (CDPHE) and the U.S. Environmental Protection 
Agency (EPA) will evaluate site conditions and render a final Corrective Action Decision 
(CAD) and Record of Decision (ROD) for each Operable Unit (OU). 

For RFETS, based on several previous OU reconfigurations and approved CADRODS to 
date, the final remedial decision will address the Buffer Zone (BZ) OU and the Industrial 
Area (IA) OU. A final reconfiguration of these OUs based on the results of the Remedial 
Investigation (RI) has been proposed (see Section 9.0) to consolidate all areas of the site 
that may require final remedial actions into the final reconfigured IA OU. The remaining 
portions of the site meet all remedial action objectives (RAOs) and applicable or relevant 
and appropriate requirements (ARARs) identified in development of the Feasibility Study 
(FS) and have been consolidated into the final reconfigured BZ OU. Because RAOs and 
ARARs are met without any further action in the reconfigured BZ OU, a detailed analysis 
of alternatives is not required for the reconfigured BZ OU (see Section 9.0). 

Two RAOs are not met in the reconfigured IA OU; however, ARARs are met in the 
reconfigured IA OU. Section 10.2 summarizes the specific areas of soil and groundwater 
within the reconfigured IA OU that do not meet all of the RAOs. With the completion of 
the accelerated actions, the experience and knowledge gained during those actions, and 
from evaluation of alternatives in the preparation of accelerated action decision 
documents, the number of available options and alternatives to address residual 
contamination are limited and well understood. Consequently, no formal screening of 
alternatives prior to the selection of alternatives that are evaluated in detail in this section 
is deemed necessary. Three alternatives for the reconfigured IA OU are developed and 
evaluated in detail in accordance with the nine Comprehensive Environmental Response, 
Compensation and Liability Act (CERCLA) evaluation criteria. First, the alternatives are 
analyzed individually against the criteria in Section 10.3; a comparative analysis of all the 
alternatives against the criteria is then presented in Section 10.4. 

The following actions have been implemented in accordance with approved RFCA 
decision documents. The approved actions include monitoring requirements that will 
continue and will not be reevaluated in the detailed analysis of alternatives: 

Post-closure care and monitoring of the Present Landfill and continued operation 
and maintenance (O&M) of the Present Landfill seep treatment system; 

Post-closure care and monitoring of the Original Landfill; and 
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O&M of three groundwater passive treatment systems and performance 
monitoring Eas t  Trenches Plume Treatment System, Mound Plume Treatment 
System, and Solar Ponds Plume Treatment System). 

The Present Landfill was closed under the Resource Conservation and Recovery Act 
(RCRA)/Colorado Hazardous Waste Act (CHWA); the Original Landfill was closed 
under CERCLA using RCRA closure ARARs. Each of the landfills has a Closure Plan 
approved by CDPHE and EPA. A system to treat the Present Landfill seep was installed. 
A system to monitor groundwater upgradient and downgradient of both landfills is in 
place. 

The other actions involve groundwater remediation. Results of the RI indicate that 
continued operation of these three groundwater actions serves to protect surface’ water 
quality over short- and intermediate-term periods by removing Contaminant loading to 
surface water. This protection also serves to meet long-term goals for returning 
groundwater to its beneficial use of surface water protection. 

10.2 Specific Media to Be Addressed in the Detailed Analysis of Alternatives 

Based on the results of the RI, two RAOs are not met in the reconfigured IA OU: soil 
RAO 3 and groundwater RAO 3. This section identifies the specific areas within the 
reconfigured IA OU that do not meet these RAOs. 

10.2.1 Soil 

To recall, soil RAO 3 (Section 9.0) is: 

“Prevent exposure resulting in unacceptable risk to wildlife refuge worker (WRW). The 

for alternatives where ARARs are not available or are not sufficiently protective because 
of the presence of multiple contaminants at the site or multiple pathways of exposure (40 
CFR 300.430 (e)(2)(i)(A)(2)). Prevent significant risk of adverse ecological effects.”’ 

Results of the Comprehensive Risk Assessment (CRA) indicate risk to a WRW is 2 x 
for exposure to plutonium-239/240 in surface soil in the Wind Blown Area Exposure 
Unit (EU). A review of the RFETS data indicates that residual plutonium-239/240 
surface soil contamination exceeds the WRW preliminary remediation goal (PRG) 1 x 10- 

risk target concentration of 9.8 picocuries per gram (pCi/g). This area of residual 
surface soil contamination is shown on Figure 10.1. 

risk level shall be used as the point of departure for determining remediation goals 

Results of the RI indicate that other human health contaminants of concern (COCs) may 
have exceeded a 1 x 
COCs (see Section 8.0). 

WRW PRG risk level; however, a FS was not required for these 

0 ’ Under CERCLA, it must be shown that risks for expected land uses at the site fall within the acceptable 
range of 1 x l o 6  to 1 x 
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Additionally, the CRA included an analysis comparing subsurface soil and groundwater 
data to indoor air volatilization PRGs. The ai-ea of subsurface soil contamination above 
the indoor air volatilization PRGs is shown on Figure 10.2. The area of groundwater 
contamination above the indoor air volatilization PRGs is shown on Figure 10.3. The area 
of groundwater contamination above the indoor air volatilization PRGs is included in the 
discussion of the soil RAO because the results of the CRA analysis indicate the 
possibility of an unacceptable risk to the WRW if WRWs were to spend 50 percent or 
more of their work day in an indoor office building constructed over the area. 

0 

Based on this RAO, the detailed analysis of alternatives for the reconfigured IA OU will 
evaluate alternatives that will reduce exposure to surface soil residual plutonium-239/240 
contamination above 9.8 pCi/g in the area shown on Figure 10.1. The detailed analysis of 
alternatives will also evaluate alternatives that prevent buildings from being constructed 
over areas of the reconfigured IA OU where the indoor air volatilization PRGs are 
exceeded, as shown on Figure 10.2 and Figure 10.3. 

10.2.2 Groundwater 

To recall, groundwater RAO 3 (Section 9.0) is: 

“Prevent drinking water and irrigation use of groundwater contaminated at levels above 
. MCLS.” 

A review of the RFETS data comparing groundwater data to Maximum Contaminant 
Levels (MCLs) indicates that there are some areas where groundwater Contamination 
exceeds MCLs. The area of groundwater contamination above MCLs is shown on Figure 
10.4. 

0 

Based on this RAO, the detailed analysis of alternatives for the reconfigured IA OU will 
evaluate alternatives that will prevent drinking water and irrigation use of groundwater 
contaminated at levels above MCLs. 

10.3 Detailed Analysis of Alternatives 

A detailed analysis of three alternatives will be evaluated against the nine CERCLA 
criteria (40 Code of Federal Regulations [CFR] 300.430(e)(9)). The nine evaluation 
criteria are: 

Compliance with ARARs; 

Long-term effectiveness and permanence; 

Overall protection of human health and the environment; 

Reduction of toxicity, mobility, or volume through treatment; 

Short-term effectiveness; 

Implementability; 
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cost; 

State acceptance; and 

Community acceptance. 

The evaluation criteria are divided into three groups based on the function of the criteria 
for remedy selection. The first group is the threshold criteria related to the statutory 
requirements that each alternative must satisfy in order to be eligible for remedy 
selection. These include: 

Compliance with ARARs. 

Overall protection of human health and the environment; and 

The second group is the primary balancing criteria that are the technical criteria upon 
which the detailed analysis is based. These include: 

Long-term effectiveness and permanence; 

Short-term effectiveness; 

Implementability; and 

cost. 

Reduction of toxicity, mobility, or volume through treatment; 

The third group is the modifying criteria, which includes: 

State acceptance; and 

Community acceptance. 

State and community acceptance criteria will be addressed in the CADROD after 
comments on the Proposed Plan have been received. 

10.3.1 Alternative Definition 

This section defines the three alternatives developed for the reconfigured IA OU. 

10.3.1.1 Alternative I :  No Further Action With Monitoring 

Alternative 1 No Further Action With Monitoring, maintains and monitors the completed 
actions conducted at the Present and Original Landfills and the three groundwater 
treatment systems. Specific monitoring and O&M requirements for these five actions 
will continue. Alternative 1 also includes additional environmental monitoring as 
described in the Fiscal Year (FY) 2005 Integrated Monitoring Plan (IMP) (K-H 2005) 
and RFETS access control of the entire site through fencing and signage of the 
surrounding reconfigured BZ OU. 

.This alternative assumes that the National Wildlife Refuge Act specifies the land use and 
that no institutional control is needed to maintain the land as a national wildlife refuge. 
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Alternative 1 also assumes the State environmental covenant ARAR will be met because 
the required covenant will be executed by the U.S. Department of Energy (DOE). 

0 
Alternative 1 will include the following specific quarterly maintenance and monitoring 
requirements : 

1. Present Landfill Cover System and Landfill Seep Treatment System 

Inspection of the cover and run-on and runoff controls with maintenance as 
identified in the inspections; 

RCRA groundwater monitoring by analyzing three upgradient and three 
downgradient wells for metals and volatile organic compounds (VOCs) with a 
statistical evaluation of the data consistent with groundwater monitoring ARARs; 

Inspection of the seep treatment system with maintenance as identified in the 
inspections; 

Monitoring of the seep treatment system by sampling and analyzing the influent 
and effluent of the seep ,treatment system for metals and VOCs, and with a 
statistical evaluation of the data compared to the surface water standards; 

Inspection of the East Landfill Pond dam and outlet structures with maintenance 
as identified in the inspections; 

Inspections, maintenance actions, and monitoring results that will be reported 
annually to the regulatory agencies; and 

Institutional controls as required by the Present Landfill RFCA decision 
document. 

2. Original Landfill Cover System 

Inspection of the cover and run-on and runoff controls and the toe buttress with 
maintenance as identified in the inspections; 

RCRA groundwater monitoring by analyzing one upgradient and three 
downgradient wells for metals, semivolatile organic compounds (SVOCs), VOCs, 
and pesticides with a statistical evaluation of the data and a comparison of the 
downgradient groundwater quality with surface water standards; 

Monitoring of surface water quality in Woman Creek by surface water sampling 
upstream and downstream of the Original Landfill with a statistical evaluation of 
the data compared to surface water standards; 

Inspections, maintenance actions, and monitoring results that will be reported 
annually to the regulatory agencies; and 

Institutional controls as required by the Original Landfill RFCA decision 
document . 

3. Three Existing Groundwater Monitoring Systems (Mound Plume Treatment System, 
East Trenches Plume Treatment System, and Solar Ponds Plume Treatment System) 
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Inspection of each system with maintenance as identified in the inspections; 

Monitoring of upgradient and downgradient groundwater with a statistical 
evaluation of the data to determine the operating performance,of the treatment 
system; 

Periodic replacement of treatment system media as required based on inspection 
and monitoring results; and 

Inspections, maintenance actions, and monitoring results that will be reported 
annually to the regulatory agencies. 

4. The following R E T S  Environmental Monitoring (as defined in the FY2005 IMP) 
Surface water monitoring; and 

Groundwater monitoring. 

The results of the IMP monitoring will be reported quarterly to the regulatory agencies. 

The environmental monitoring required at the Present Landfill, Original Landfill, and the 
three groundwater treatment systems is also included in the FY2005 IMP. 

10.3.1.2 Alternative .2: Institutional and Physical Controls 

Alternative 2 Institutional and Physical Controls, adds the implementation of institutional 
and physical controls to Altemative 1. Institutional controls include legally enforceable 
and administrative land use restrictions and physical controls including signage or other 
physical features to control access and activity within the reconfigured IA OU. Land use 
restrictions are limitations or prohibitions on specific activities within designated areas of 
the reconfigured IA OU to ensure that the conditions remain protective for the WRW and 
wildlife refuge visitor (WRV). Physical controls are items such as signage monuments 
along the perimeter of the reconfigured IA OU to notify the WRW and WRV that they 
are at the boundary of the Refuge maintained by the U.S. Fish and Wildlife Service 
(USFWS). DOE will retain jurisdiction over the engineered structures and monitoring 
systems associated with the completed actions. Institutional controls will include the 
following: 

Prohibition of construction and use of buildings in contaminated areas; 

Prohibition on drilling wells into contaminated groundwater for water use 
(specifically, for drinking water or irrigation use); 

Prohibition on the use of contaminated surface water, groundwater and/or 
pumping groundwater where the remedy may be impacted; 

Restrictions on excavation in areas above subsurface contamination or intrusion 
into subsurface contamination; 

Prohibition of excavation at the Present and Original Landfills; and 
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Restrictions on activities that cause soil disturbance in areas with residual surface 
soil con tamination, 

In the future, surface water or groundwater monitoring may indicate that some of these 
institutional controls may no longer be necessary if residual groundwater contamination 
is below MCLs or the indoor air volatization PRGs can be met. The need for institutional 
controls will be evaluated as part of future CERCLA periodic reviews. 

Physical controls will consist of signage installed along the perimeter of the reconfigured 
IA OU to notify the WRW and WRV that they are at the boundary of the refuge 
maintained by USFWS. Other physical controls could also be implemented, including 
installation and maintenance of fences, gates, locks, and other security devices as needed 
for refuge management purposes. However, no other physical controls beyond the 
monument signage for remedy-related purposes are anticipated. 

Institutional and physical controls will be inspected every 3 months. If evidence of 
activities that violate the restrictions or damage of the physical controls is found, a plan 
will be developed to correct the condition and the correction will be implemented. 
Inspections and corrective actions will be documented in an annual report to the 
regulatory agencies. 

10.3.1.3 Alternative 3: Targeted Surface Soil Removal 

Alternative 3 Targeted Surface Soil Removal, will remove the top 6- inches of soil in 
areas of residual surface soil contamination that have activities above the plutonium- 
239/240 WRW PRG 
This figure shows that surface soil over an area of approximately 368 acres would be 
removed. Note that this alternative is not anticipated to completely remove all plutonium 
contamination because it is not technically feasible to remove all contamination. 
Previous excavation actions of a similar nature resulted in successful removal of the bulk 
of contamination, as verified through post-accelerated action confirmation sampling 
based on a 90-percent confidence level. ' 

0 
risk target concentration of 9.8 pCi/g as shown on Figure 10.1. 

This alternative also includes the implementation of Alternative 2. 

The scope of this alternative would be to excavate the contaminated soil in a defined area 
to a depth of approximately 6- inches. The removed soil would be placed in shipping 
containers and then shipped for disposal at a permitted low-level radioactive waste 
(LLW) disposal facility. Confirmation samples would be collected to verify that the 
contaminated soil was removed to below 9.8 pCi/g. The excavated area will not be 
backfilled, but graded as necessary to match existing surrounding grades. The area 
would then be seeded for revegetation and mulchedmatted for erosion control. 

Temporary access roads, staging areas, and other infrastructure to conduct the removal 
would be built to conduct the work. Temporary construction facilities such as work 
trailers, equipment parking and fueling areas, and portable electrical power generators 
would be used during the construction period. 
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With the excavation of 6- inches of soil within this area, the volume of soil to be removed 
and shipped to the permitted disposal facility is approximately 10,425,000 cubic feet. 
The duration of this removal operation is estimated at 3 years. 

10.3.2 Detailed Analysis of Alternatives 

This detailed analysis of the alternatives assembles and develops the rationale to 
understand the various alternatives. Each alternative is evaluated against the nine 
evaluation criteria as further described below: 

1.  Overall Protection of Human Health and the Environment - The analysis of this 
threshold criterion describes how the alternative achieves and maintains protection of 
human health and the environment. 

2. Compliance With ARARs - The analysis of this threshold criterion determines how 
the alternative meets the federal and State ARARs that have .been identified for use in 
the evaluation of the alternatives and the selection of the final remedy at RFETS. 

3. Long-term Effectiveness and Permanence - This analysis considers the magnitude of 
residual contamination andor risk after the alternative has been implemented and the 
adequacy, suitability, and reliability of the alternative to control/manage the residual 
contamination and risk. 

4. Reduction of Toxicity, Mobility, or Volume Through Treatment - This analysis 
considers the treatment of residual contamination to reduce the contaminant toxicity, 
mobility, and volume. The analysis will describe the treatment process, the degree of 
treatment, the degree to which the treatment is irreversible, and the volume reduction 
achieved through treatment. 

5. Short-term Effectiveness - This analysis addresses the protection of the community 
and workers while implementing the alternative, the environmental impacts while 
implementing the alternative, and the time required to achieve the RAOs. 

6.  Implementability - This analysis considers the ability to build, and'operate the 
alternative, the reliability of the alternative, the ability to monitor the effectiveness of 

, the alternative, the administrative feasibility of the alternative, and the availability of 
resources to implement the alternative. 

7. Cost - This criterion presents order-of-magnitude capital and O&M costs of the 
alternative. The O&M cost estimates will include the anticipated O&M costs along 
with administrative costs, replacement costs, and the cost of periodic reviews. A 
present worth analysis is also included for a period of 30 years with a discount rate of 
5 percent ( O m  2005). 

8. State Acceptance -This analysis evaluates the technical and administrative issues and 
concerns the State regulatory agency may have on the alternative. Discussion of this 
criterion will be provided in the CADROD. 
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9. Community Acceptance - This analysis evaluates the technical and administrative 
issues and concerns that the community may have on the alternative. Discussion of 
this criterion will be provided in the CAD/ROD. 

0 

Table 10.1 summarizes the detailed analysis for each alternative. 

10.3.3 Alternative 1: No Further Action With Monitoring . 

10.3.3.1 Overall Protection of Human Health and the Environment 

Alternative 1 is protective of human health and the environment because no unacceptable 
risks from residual contamination exist after the completion of all planned RFCA 
accelerated actions. In particular: 

1. The CRA shows that the incremental risk to the WRW is at or below 1 x or 
hazard index (HI) of 1 for soil and sediment with residual contamination above 
background, except in the Wind Blown Area EU where the calculated risk to a WRW 
is 2 x 
still considered rotective of human health because the risk falls within the acceptable 
range of 1 x 10- to 1 x 

for pl~tonium-239/240.~ Under CERCLA, the Wind Blown Area EU is 

B cancer risks and an HI of 1 for noncarcinogenic effects. 

2. The CRA predicts that there is no significant ecological risk from the residual 
contamination within all media for all of the ecological receptors evaluated in the 0 Ecological Risk Assessment (ERA). 

3. Results of the contaminant fate and transport analysis show: 

Plutonium-239/240 activities have been in compliance at the surface water points 
of compliance (POCs), even during periods of widespread soil disturbance in the 
former IA, based on historic surface water quality data. Removal of plutonium- 
239/240 surface soil sources during RFCA accelerated action, coupled with 
reduced runoff and erosion control, should further benefit surface water quality. 

The dominant migration process for arsenic at RFETS is via runoff and erosion of 
surface soil. Surface water concentrations of arsenic are below the surface water 
standard in the terminal ponds (upstream from the surface water POCs). 

The dominant migration process for benzo(a)pyrene at R E T S  is via runoff and 
erosion of surface soil, although benzo(a)pyrene is not an analyte of interest 
(AOIs) or a COC in surface water. Surface water concentrations of 
benzo(a)pyrene are below the surface water standard in the terminal ponds 
(upstream from the surface water POCs). 

The dominant migration process for 2,3,7,8-TCDD TEQ at RFETS is via runoff 
and erosion of surface soil, although 2,3,7,8-TCDD TEQ is not an A01 or a COC 

' 

See Section 10.2.1 and Section 8.0 for a discussion on where results of the CRA indicate a risk above 
1 x to the WRW. Note that results of the RI conclude that an FS is not required. 0 -  
DENE03200501 I.DOC 10-9 



RCRA Facility Investigation-Remedial Investigation/ 
Corrective Measures Study - Feasibility Study 

Section 10.0 
Detailed Analysis of Alternatives 

in surface water. Historic surface water concentrations of 2,3,7,8-TCDD TEQ are 
below the surface water,standard in the terminal ponds (upstream from the surface 
water POCs). Reduced runoff and erosion should further benefit surface water 
quality for each of these analytes. 

4. CRA results for the No Name Gulch Drainage EU, including the Present Landfill 
without the implementation of the accelerated action, indicate that residual 
contamination exhibits an incremental risk to the WRW that is less than 1 x 
However, the installed multilayered geosynthetic cover and additional buttressing at 
the east face of the Present Landfill provide additional protection. The seep treatment 
system lowers the concentration of VOCs in the landfill seep to meet surface water 
quality standards with passive treatment. 

5. CRA results for the Upper Woman Drainage EU, including the Original Landfill 
without the implementation of the accelerated action, indicate that residual 
contamination exhibits an incremental risk to the WRW that is less than 1 x 
However, the accelerated action provides for additional structural stability with a soil 
buttress and prevents direct contact with the landfill wastes and debris via placement 
of a soil cover. 

6. Groundwater actions are operating as designed to remove contamination in captured 
. groundwater to meet appropriate surface water quality standards at surface water 

POCs. Actions to address threats to groundwater quality, and therefore impacts to 
surface water quality, have included source removal, in-situ biodegration 
enhancements, phytoremediation, and passive groundwater collection and treatment. 
The passive groundwater collection and treatment systems will continue to operate 
and be monitored to protect groundwater and surface water quality. 

7. Monitoring of the RFETS groundwater, surface water, sediments, ecology, and air 
will provide the environmental data to verify that the site continues to be protective of 
human health and the environment. This monitoring will also include environmental 
monitoring at the Present and Original Landfills and performance monitoring of the 
three groundwater treatment systems. 

10.3.3.2 Compliance With ARA Rs 

Alternative 1 complies with ARARs as follows: 

1. Colorado Basic Standards and Methodologies and Site Specific Standards for Surface 
Water: This ARAR is met because surface water at the POCs meets surface water 
quality standards. 

2. Colorado Basic and Site Specific Standards for Groundwater: This ARAR is met 
because groundwater at the groundwater area of concern wells and most sentinel 
wells meets the groundwater quality standards. At sentinel wells where groundwater 
data are above the groundwater quality standards, results of the RI conclude that, 
based on the environmental conditions and type of residual contamination, no 
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additional feasible action can be taken. Monitoring will continue. In addition, 
contaminated groundwater has been addressed on a sitewide basis for three plume 
areas where groundwater treatment systems are installed and are performing as 
designed to improve groundwater quality that could adversely impact surface water 
quality. These systems will continue to be operated and monitored in accordance 
with their individual system monitoring and maintenance plans. 

National Pollutant Discharge Elimination System (NPDES): This ARAR is met 
because the existing NPDES permit, which covered stormwater discharges and 
sanitary sewage treatment plant discharges, has been properly terminated. Point 
source and stormwater sources covered by the permit have been removed as part of 
site closure. In addition, the discharge from the seep treatment system at the Present 
Landfill to surface water upstream of No Name Gulch meets NPDES substantive 
requirements for such discharges. As part of the accelerated action decision, the 
system discharge meets the CERCLA permit waiver provisions. The discharge will 
be monitored for VOCs and metals with effluent limitations that are the surface water 
quality standards for Walnut Creek, Big Dry Creek Segment 4a. 

Federal and Colorado Noxious Weed Act: This ARAR is met because the alternative 
will not result in or exacerbate the growth of undesirable plant species or create 
difficult measures to control noxious weeds. 

National Wildlife Refuge System Administration Act: This ARAR is met because this 
alternative is consistent with the future RFETS land use in accordance with the Rocky 
Flats National Wildlife Refuge Act and will not interfere with Refuge purposes. 

Atomic Energy Act, Radiation Protection Standards for Decommissioning Licensed 
Facilities; Colorado Regulations Pertaining to Radiation Control: This ARAR is met 
because residual levels of RFETS-related radiological contamination do not result in 
the exceedance of the annual radiation dose limits for the WRW under the future 
RFETS land use as a wildlife refuge. If this land became unrestricted in the future, 
annual dose limits for the unrestricted user would also be met (see Section 9.0). 

Subtitle C: Hazardous Waste Management; Solid Waste Disposal Act; Colorado 
Hazardous Waste Act - Groundwater Protection and Monitoring: This ARAR is 'met 
because groundwater at the Present Landfill (including the landfill seep) and the 
Original Landfill will be monitored under 6 Code of Colorado Regulations (CCR) 
1007-3, as required under the approved accelerated action decision documents. 

Subtitle C: Hazardous Waste Management; Solid Waste Disposal Act; Colorado 
Hazardous Waste Act - Closure and Post Closure: This ARAR is met because the 
Present and Original Landfills were adequately stabilized and covers were properly 
installed in accordance with regulatory agency-approved designs and will be 
maintained and monitored in accordance with their individual landfill monitoring and 
maintenance plan under a post-closure care enforceable document to be determined 
by the RFCA Parties. 
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9. Environmental Covenants: The ARAR is met under the assumption that DOE will 
execute a covenant in accordance with CHWA requirements. 

While Alternative 1 meets all ARARs, it does not meet soil RAO 3 (prevent exposure 
resulting in unacceptable risk to WRW) because of the risk related to indoor air 
volatilization, or groundwater RAO 3 (prevent drinking water and irrigation use of 
groundwater contaminated at levels above MCLs). In addition, Alternative 1 does not 
require additional institutional controls to be put in place at the time of the CADLROD. 
10.3.3.3 Long-term Effectiveness and Permanence 

Alternative 1 exhibits a high degree of long-term effectiveness and permanence for the 
following reasons: , 

1.  All of the ,RFCA accelerated actions (except the landfills) included removal of 
contaminated structures and environmental media. Removal provides the highest 
level of long-term effectiveness and permanence; however, it is not technically 
feasible to remove all residual contamination. Soil disturbed during accelerated 
actions has been revegetated in accordance with the RFETS revegetation plan and 
temporary erosion controls have been implemented to reduce erosion while new 
vegetation is being established. 

2. Where an accelerated action was not required for subsurface contamination, the 
contaminated structure or media is fixed and/or not considered mobile in the 
environment. Remaining building structures either meet free release standards or 
have fixed contamination that is 6 feet or more below ground surface. PRGs were 
based on exposure scenarios to subsurface contamination to 8 feet below the surface. 
However, excavations below 3 feet are not likely unless mechanical excavation 
equipment is employed. Thus, inadvertent contact with subsurface soil deeper than 
3 feet is considered unlikely. 

3. Residual plutonium-239/240 persists indefinitely (for the purposes of this analysis), 
with radioactive half-lives for plutonium-239 and plutonim-240 of approximately 
24,390 and 6,537 years, respectively. The primary historic source of plutonium- 
239/240 in surface soil was remediated at the 903 Pad and Lip Area through a RFCA 
accelerated action, which should improve long-term surface water quality. In 
addition, removal of buildings and pavement has decreased runoff volumes and peak 
discharge rates, which will reduce soil erosion, thereby also reducing the associated 
plutonium-239/240 transport and impact on surface water and sediment. Improvement 
in surface water quality is based on the assumption that vegetation is established, soil 
is stabilized, and widespread soil disturbance does not occur in areas with residual 
plutonium-239/240. 

4. Given published information and available data at RFETS, it is likely that residual 
VOC sources and associated downgradient groundwater concentrations will persist 
for decades to hundreds of years even with the source removals taken under 
accelerated actions. Although it is possible to reduce the long-term persistence of the 
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source term with appropriate technology, it would be technically impracticable to 
attempt to locate and characterize each source and very localized impacted areas due 
to relatively small release volumes (many less than 100 gallons). Long-term fate and 
transport modeling showed that, assuming sources remain the way they are now, the 
impacts to surface water would be minimal due to the following: (1) many sources 
will not impact groundwater above surface water standards at discharge points; 
(2) where concentrations are above surface water standards, the total flux into streams 
is limited due to the ephemeral nature of baseflow and seep flow to streams; and 
(3) groundwater plume treatment systems and enhancements have been implemented 
in these areas. 

The Present Landfill closure, as approved by the regulatory agencies, includes a 
multilayered cover consisting of geosynthetic and natural materials that are 
permanent and provide long-term effectiveness. The geosynthetic layers of the cover 
are protected by native soil both under and on top of the geosynthetics, and the cover 
is further protected from burrowing animals by an additional rock layer above the 
geosynthetics. The entire landfill area is then covered with 2 feet of vegetated native 
soil for additional protection of the cover layers below. The seep treatment system is 
made of concrete, fiberglass, and high-density polyethylene components to provide a 
permanent system with little maintenance. 

The Original Landfill accelerated action, as approved by the regulatory agencies, 
consists of a native soil buttress and native soil cover to provide for permanent 
containment of the landfill wastes and debris. 

The three passive groundwater collection and treatment systems are constructed of 
materials that, with some maintenance at the treatment cells, are expected to have a 
long working life with limited operating attention. 

Monitoring of RFETS groundwater, surface water, sediments, ecology, and air will 
provide the environmental data to verify the long-term effectiveness and permanence 
of the accelerated actions taken at RF’ETS. 

10.3.3.4 Reduction of Toxicity, Mobility, and Volume Through Treatment 

Alternative 1 exhibits a high degree of reduction of toxicity, mobility, and volume for the 
following reasons: 

1. The three passive groundwater treatment systems provide for a reduction of VOCs or 
uranium and nitrate reducing the overall volume of contaminants in the groundwater 
and protecting the adjacent surface water. 

2. The Present Landfill closure, as approved by the regulatory agencies, includes a 
multilayered cover consisting of geosynthetic materials that stop the infiltration of 
water from the surface of the landfill into the waste. In addition, a groundwater 
intercept system consisting of an exterior groundwater collection system and slurry 
wall containment was installed to reduce the flow of groundwater into the landfill. 
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The geosynthetic layers of the cover are protected by native soil both under and on 
top of the geosynthetics, and the cover is further protected from borrowing animals by 
an additional rock layer above the geosynthetics to retain the cover's impermeable 
characteristics. The entire landfill area is then covered with 2 feet of vegetated native 
soil for additional protection of the cover layers below. This cover, along with the 
groundwater intercept system, greatly reduces the possibility of contaminants moving 
from the landfill. The landfill seep treatment system provides treatment to remove 
the VOC contamination from the landfill seep. 

3. Experience and knowledge gained during accelerated actions have shown that it is not 
technically feasible to reduce toxicity, mobility, and volume of residual plutonium in 
surface soil through treatment. 

In addition, all of the RFCA accelerated actions (except the landfills) included removal of 
contaminated structures and environmental media. Removal provides the highest level of 
reduction of toxicity, mobility, and volume. Where subsurface removal was not 
conducted, the contaminated material or media is fixed and/or not considered mobile in 
the environment. 

10.3.3.5 Short-term Effectiveness 

Alternative 1 exhibits a high degree of short-term effectiveness because workers and the 
public are not at risk since no additional action is required in this alternative.' 

1 0.3.3.6 Implementa bility 

Alternative 1 is easily implemented because all of the accelerated actions are complete, 
post-accelerated action monitoring at the Present an.d Original Landfills has been 
established, and the IMP surface water, groundwater, and air monitoring stations have 
also been established. 

10.3.3.7 Cost 

Capital expenditures for Alternative 1 are not required because all of the required systems 
were previously installed as part of the completed accelerated action. The O&M costs 
include the following: 

1.  

2. 

3. 

.4. 

5.  

Cost of cover inspection and maintenance at the Present Landfill and the Original 
Landfill; 

Seep treatment system monitoring and maintenance at the Present Landfill; 

Groundwater monitoring at the Present Landfill; 

Groundwater and surface water monitoring at the Original Landfill; 

Monitoring and maintenance of the three existing groundwater treatment systems; 0 
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a. 6. Monitoring and maintenance of the IMP surface water, groundwater, and air stations; 

7. Groundwater treatment system media replacement every 5 years; and 

8. Preparation of materials for the CERCLA periodic reviews. 

The estimated total O&M costs for Items 1 through 6 are $2,530,000 per year. 
Groundwater treatment system media replacement costs are estimated at $728,000 every 
5 years. The estimated costs for preparing materials for the CERCLA periodic reviews is 
$1 53,000. 

The present worth of these costs for 30 years at an annual interest rate of 5 percent is 
$41,350,000. 

Details of this cost estimate are included in Attachment 1. 

10.3.3.8 State Acceptance 

Discussion of this criterion will be provided in the CADROD. 

10.3.3.9 Community Acceptance 

Discussion of this criterion will be provided in the CADROD. 

10.3.4 Alternative 2: Institutional and Physical Controls 

The evaluation of this alternative includes the evaluation presented for Alternative 1 and 
the additional assessment of adding institutional and physical controls to Alternative 1. 

10.3.4.1 Overall Protection of Human Health and the Environment 

0 

Implementation of Alternative 2 is protective of human health and the environment by 
providing the following institutional and physical controls: 

1. Prohibition of construction and use of buildings in contaminated areas; 

2. Prohibition on drilling wells into contaminated groundwater for water use 
(specifically, for drinking water or irrigation use);' . 

3. Prohibition on the use of contaminated surface water, groundwater and/or pumping 
groundwater where the remedy may be impacted; 

4. Restrictions on excavation in areas above subsurface contamination or intrusion into 
subsurface contamination; 

5. Prohibition of excavation at the Present and the Original Landfills; and 
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6 .  Restrictions on activities that cause soil disturbance in areas with residual surface soil 
contamination. 

Signage will also be installed as a physical control along the perimeter of the 
reconfigured IA OU to notify the WRW and WRV that they are at the boundary of the 
Refuge maintained by USFWS. 

10.3.4.2 Compliance .With ARARs 

Alternative 2 meets all of the ARARs (Section 10.3.3.2). In addition, Alternative 2 meets 
soil RAO 3 (prevent exposure resulting in unacceptable risk to WRW) and groundwater 
RAO 3 (prevent drinking water and irrigation use of groundwater contaminated at levels 
above MCLs). Institutional controls required in Alternative 2 are consistent with the 
institutional controls required in the Present and Original Landfill RFCA decision 
documents. 

10.3.4.3 Long-term Effectiveness and Permanence 

Implementation of Alternative 2 will incrementally increase the long-term effectiveness 
and permanence achieved by the accelerated actions because institutional controls are 
designed to provide the mechanisms that permanently maintain the completed actions 
conducted at RFETS. 

In addition, an environmental covenant will be implemented that will increase the long- 
term permanence of institutional controls. This covenant will decrease the likelihood that 
institutional controls will fail in the very long term. 

Physical controls (signage)’ will be constructed of materials, such as concrete and brass, 
that are considered permanent. 

10.3.4.4 Reduction in Toxicity, Mobility, and Volume Through Treatment 

See Alternative 1. 

10.3.4.5 Short-tern Effectiveness 

Alternative 2 exhibits a high degree of short-term effectiveness because institutional 
controls are easily implemented and become effective immediately. 

Workers and the public are not at risk to implement Alternative 2. 

10.3.4;6 Implementability 

Alternative 2 is easily implemented by a combination of administrative and physical 
controls, which are expected to include institutional controls, an environmental covenant, 
and limited construction work to install signage. 
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10.3.4.7 Cost 

Capital expenditures for Alternative 2 are low and, are associated,with the preparation of 
specific written administrative controls and providing the personnel to implement and 
monitor compliance with the institutional control requirements. Deed restrictions must 
be prepared and filed and the installation of signage completed and maintained. 

The estimated capital cost of Alternative 2 is $1,120,000. 

O&M costs associated with the institutional controls aspect of Alternative 2 is estimated 
at $45,000 per year and includes the quarterly inspection of the site and signage, and a 
nominal amount of legal support. 

The total O&M costs include Alternative. 1 and inspection and maintenance of 
institutional and physical controls. 

The estimated total annual O&M costs for these items are $2,575,000 per year less the 
media replacement costs and the CERCLA periodic review costs. 

The total present worth of these estimated costs for 30 years at 5 percent annual interest is 
$43,170,000. 

Details of this cost estimate are included in Attachment 1 .  

10.3.4.8 State Acceptance 

Discussion of this criterion will be provided in the CAD/ROD. 

10.3.4.9 Community Acceptance 

Discussion of this criterion will be provided in the CAD/ROD. 

10.3.5 Alternative 3: Targeted Surface Soil Removal 
Alternative 3 will remove areas of surface soil within an EU that have been identified to 
have plutonium-239/240 contamination above the WRW risk target concentration of 
9.8 pCi/g. This alternative also includes the implementation of Alternative 2. 
10.3.5.1 Overall Protection of Human Health and the Environment 

Alternative 3 increases the protectiveness of human health because targeted surface soil 
removal will reduce plutonium-239/240 contamination to below the'WRW risk target 
concentration of 9.8 pCi/g. 

However, implementing Alternative 3 would negatively impact the environment. The 
- -  : . removal process would destroy the existing native vegetation within the excavation area. 

It would also destroy some areas that are designated as Preble's meadow jumping mouse 
(PMJM) habitat. During and after the removal operations, the potential for large 
sediment loads into the Walnut Creek and Woman Creek drainages would be high. Thus, 
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to comply with ARARs, special attention must be paid to surface run-on and runoff 
controls. With the current extent of high-quality vegetation in this area, the contaminated 
area currently does not result in any surface water exceedances at the surface water 
POCS. 

10.3.5.2 Compliance With ARARs 

Alternative 3 meets all of the ARARs (Section 10.3.3.2) and all of the RAOs. The 
disturbance of surface soil could temporarily increase the sediment loading in surface 
water. However, it is anticipated that surface water standards would continue to be met 
at the surface water POCs. Any potential air impacts will be mitigated during 
implementation of the remedy. 

10.3.5.3 Long-term Effectiveness and Permanence 

Implementing this alternative increases the overall long-term effectiveness and 
permanence for the following reasons: 

1. Removal of surface soil will permanently and effectively reduce residual plutonium- 
239/240 contamination to below the WRW risk target concentration of 9.8 pCi/g. 

2. Surface soil removal reduces remaining residual surface contamination that could be 
mobilized in the future if disturbed. 

However, vegetation destroyed by the removal action could require up to 5 years to 
recover. 

10.3.5.4 Reduction in Toxicity, Mobility, and Volume Through Treatment 

Alternative 2 plus Alternative 3 will provide the following impact to toxicity, mobility, 
and volume: 

1. Removal of surface soil reducing plutonium contamination to below 9.8 pCi/g will 
reduce the toxicity, mobility, and volume. 

2. Surface soil removal reduces remaining residual surface contamination that could be 
mobilized in the future if disturbed. 

However, the disturbance of surface soil in this expansive area could temporarily increase 
the sediment load to the natural drainage systems at RFETS. 

10.3.5.5 Short-term Effectiveness 

Alternative 3 has low short-term effectiveness because: 

1. Removal of surface soil in Alternative 3 will result in an incremental risk to the 
workers and the public through the removal and transportation operations. 
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2. Removal of surface soil will result in significant short-tem.adverse impacts to 
ecological resources. 

0 
3. Removal of surface soil increases the potential to mobilize residual contamination, 

particularly if a large area of soil is removed, or if the removal is on a steep slope or 
in close proximity to a stream segment. It also increases the potential for wind 
erosion. 

10.3.5.6 Implementability 

This alternative can be easily implemented because standard earthmoving and 
transportation equipment will be used to remove the areas of contamination that 
contribute risk to the WRW. However, the implementation of the removal of surface soil 
to reduce the risk to surface water quality is much more difficult. Weather, wind, and 
precipitation will increase the potential for soil erosion and sediment loads to the RFETS 
drainages. Major construction to support the long duration of the work (new temporary 
roadways and possibly a new temporary railroad spur) would be required to implement 
Alternative 3. Implementation of a LLW disposal program compliant with DOE, U.S. 
Department of Transportation, and disposal facility waste acceptance criteria is moderate 
to difficult. 

10.3.5.7 Cost 

Capital expenditures for Alternative 3 include the cost for the removal and disposal of the 
soil and the repair of the disturbed area (revegetation and erosion control). 

_. The estimated capital cost of Alternative 3 is $222,340,000. 

The O&M costs for Alternative 3 include the cost of inspection and maintenance of the 
area where surface soil was removed and the area revegetated. The O&M cost is 
estimated to vary over the first 5 years until the revegetation has been established. The 
O&M costs are estimated to vary from $206,000 (year 1) to $70,000 (per year, starting at 
year 5 through year 30). 

The estimated total capital cost, including Alternative 2 costs, is $223,460,000. 

The estimated total annual O&M cost, including Alternative 2 costs, ranges from 
$2,781,000 to $2,645,000 per year less the media replacement costs and CERCLA 

' periodic review costs. 

The present worth of these estimated costs for 30 years 
Alternative 2. 

s $265,5 

'Details of this cost estimate are included in Attachment 1. 

10.3.5.8 State Acceptance 

Discussion of this criterion will be provided in the CADROD. 

0,000, including 
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10.3.5.9 Community Acceptance 

Discussion of this criterion will be provided in the CAD/ROD. 

10.4 Comparative Analysis of Alternatives 

The following sections present the comparison between the alternatives considered. 

10.4.1 Overall Protection of Human Health and the Environment 

Alternative 1 is protective of human health and the environment because no unacceptable 
risks from residual contamination exist after the completion of all planned RFCA 
accelerated actions; however, Alternative 1 is not the most protective of human health 
and the environment for the following reasons: 

While the Wind Blown Area EU is protective of human health because the risk 
falls within the acceptable range of 1 x loa to 1 x lo4 cancer risks, Alternative 1 
does not reduce exposure to surface soil residual plutonium-239/240 
contamination above 9.8 pCi/g. 

Groundwater contamination exists in the reconfigured IA OU above MCLs. 
Alternative 1 does not actively prevent the use of this groundwater for drinking 
water or irrigation purposes. However, reliable sources of on site groundwater for 
use as drinking water or imgation are doubtful based on extensive hydrogeologic 
studies. 

Subsurface soil and groundwater contamination exists above the indoor air 
volatilization PRGs. Alternative 1 does not actively prevent the possibility of an 
unacceptable risk of exposure to the WRW if a building were constructed over the 
area contaminated above the indoor air volatilization PRGs and the building was 
routinely occupied. However, future land use planning does not include occupied 
buildings in these areas. 

The Present Landfill RFCA decision document requires institutional controls to 
be put in place at the time the post-closure period begins. However, institutional 
controls for the Original Landfill will not be required until the CAD/ROD. 
Alternative 1 assumes that these controls will be in place but that no other 
institutional controls will be implemented. 

/ 

Alternatives 2 and 3 provide overall protection to human health and the environment; 
however, Alternative 3 further prevents unacceptable risk to a WRW by removing areas 
of residual plutonium-239/240 surface soil contamination, but the environmental damage 
and cost of additional surface soil removal above 9.8 pCi/g is high. 

10.4.2 Compliance With ARARs 

All of the alternatives meet the ARARs for R E T S .  
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Alternative 1 does not meet soil RAO 3 (prevent exposure resulting in unacceptable risk 
to WRW) or groundwater RAO 3 (prevent drinking water and irrigation use of 
groundwater contaminated at levels above MCLs). In addition, Alternative 1 would 
assume that the institutional controls required by the Present and Original Landfill RFCA 
decision documents are in place. 

0 

Alternatives 2 and 3 meet soil RAO 3 and groundwater RAO 3. Institutional controls 
required in Alternative 2 are consistent with the institutional controls required in the 
Present and Original Landfill RFCA decision documents. Alternative 2 reduces exposure 
resulting in acceptable risk to the WRW through institutional controls that prohibit the 
construction and use of buildings over areas contaminated above the indoor air 
volatilization PRGs and put restrictions on activities that cause soil disturbance in areas 
with residual plutonium-239/240 surface soil contamination above 9.8 pCi/g. 
Institutional controls will prevent drinking water and irrigation use of groundwater 
contaminated at levels above MCLs by prohibiting drilling into or using groundwater 
contaminated above MCLs. 

10.4.3 Long-term Effectiveness and Permanence 

With the completion of all RFETS actions, Alternative 1 achieves long-term effectiveness 
and permanence. The accelerated action closure of the Present Landfill and Original 
Landfill, and the operation of three groundwater passive treatment systems, are designed 
for long-term physical integrity and use. Monitoring and maintenance plans are 
implemented to sustain the effectiveness and permanence of these actions. Alternative 2 
increases the effectiveness and permanence of the actions by reducing exposures 
resulting in acceptable risk to the WRW through institutional controls that prohibit the 
construction and use of buildings over areas contaminated above the indoor air 
volatilization PRGs and by placing restrictions on activities that cause soil disturbance in 
areas with residual plutonium-239/240 surface soil contamination. Institutional controls 
will prevent drinking water and irrigation use of groundwater contaminated at levels 
above MCLs by prohibiting drilling into or using groundwater contaminated above 
MCLs and the use of surface water contaminated above surface water standards. 
Alternative 3 removes surface soil with residual contamination of plutonium-239/240 
above 9.8 pCi/g and provides, through removal, a permanent and long-term action. 

In conclusion for this criterion, Alternative 3 provides the most permanent long-term 
action. 

10.4.4 Reduction in Toxicity, Mobility, and Volume Through Treatment 

Alternative 1 accounts for a high degree of reduction in toxicity, mobility, and volume 
through treatment of the Present Landfill seep and groundwater by passive treatment 
systems. Alternative 3 reduces the surface soil with residual contamination by removal. 

In conclusion for this criterion, Alternative 1 provides for a cost-effective and protective 
solution. 0 
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10.4.5 Short-term Effectiveness 

Alternatives 1 and 2 provide a high degree of short-term effectiveness because the 
alternatives will not pose a risk to the workers or the public during implementation. The 
removal of large areas of surface soil with residual contamination as described in 
Alternative 3 will entail increased risks to workers from earthmoving and waste 
transportation activities. Risks to the public are expected to be low, although higher than 
from Alternatives 1 and 2. This risk is due to the large volume of soil and waste 
materials to be excavated and transported off site for disposal. Additionally, there will be 
a short-term impact to affected ecological resources that increases with the amount of 
sediment loading to surface water. 

In conclusion for this criterion, Alternatives 1 and 2 provide the most short-term 
effectiveness. 

10.4.6 Implementability 

Alternative 1 is easily implemented because no further removal actions need to be 
implemented. In addition, the IMP and landfills and groundwater treatment monitoring 
systems are already in place. 

Alternative 2 is easily implemented by initiating deed restrictions and limited 
construction work to install the physical controls (signage). These activities are not 
expected to entail direct exposure to residual contamination. 

Alternative 3 uses standard earthmoving and transportation equipment to remove the 
areas of residual surface soil contamination. However, the implementation of the surface 
soil removal is much more difficult due to the large extent and large volume of soil to be 
managed. Wind and precipitation will also increase the potential for soil erosion and 
sediment loads to the RFETS drainages during the removal process. Major construction 
to support the long duration of the work (for example, new temporary roadways) would 
be required to implement Alternative 3. 

In conclusion for this criterion, Alternative 1 is the most implementable alternative. 

10.4.7 Cost 

The cost of Alternative 1 is only slightly increased by the addition of Alternative 2 
(5  percent increase in present worth cost). The removal of surface soil contamination in 
Alternative 3 adds a large increment of cost (750 percent increase in present worth cost). 
The high cost of Alternative 3, with on1y.a small incremental benefit and high short-term 
risks, is not justifiable. 

_.. . 

I 

In conclusion for this criterion, Alternative 2 is the most cost-effective action. 
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RCRA Facility Investigation-Remedial Investigation/ 
Corrective Measures Study - Feasibility Study 

Section 10.0 
Detailed Analysis of Alternatives 

10.4.8 State Acceptance 

Discussion of this criterion will be provided in the CADROD. 

10.4.9 Community Acceptance 

Discussion of this criterion will be provided in the CADROD. 

10.5 References 

K-H, 2005, FY2005 Integrated Monitoring Plan Revision 1, Rocky Flats Environmental 
Technology Site, Golden, Colorado, September. 

OMB, 2005, Office of Management and Budget Circular A-94, Guidelines and Discount 
Rates for Benefit-Cost Analysis of Federal Programs, Appendix C, January. 
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Table 10.1 

Alternative Description 

‘dit.>. - - 'e.) -w.v* -, E;;rlluaQoig4@ntena&d. 
Protection of Human 
Health and the 
Environment 

Jompliance With 
QRARs and RAOs 

,ong-term Effectiveness 
ind Permanence 

Landfills and the groundwater treatment systems. Alternative 1 also includes the 
additional environmental monitoring as described in the Final Draft FY2005 IMP, 
dated September 8,2005. 

Note: This alternative assumes that the National Wildlife Refuge Act specifies the 
land use and that no institutional control is needed to maintain the land as a national 
wildlife refuge. 

This alternative is protective of human health and the environment because: 
With all FWCA actions complete, the CRA shows that the incremental risk to 
the WRW is at or below 1 x 10" or an HI of 1 for soil and sediment with 
residual contamination above background, except in the Wind Blown Area EU 
where the calculated risk to a WRW is 2 x for plutonium-2391240. Under 

LERCLA, the Wind Blown Area EU is still considered protective of human 
health because the risk falls within the acceptable range of 1 x 
cancer risks and a HI of 1 for noncarcinogenic effects. 
With all RFCA actions complete, the CRA indicates that there is no significant 
ecological risk from residual contamination within all environmental media 
across RFETS. 
Actions at the Present and Original Landfills provide protection of human 
health and the environment. 
Groundwater actions are operating as designed to remove contamination 
captured to meet appropriate surface water quality standards at surface water 
POCS. 
The IMP monitoring of groundwater and surface water provides data to verify 
that RFETS continues to be protective of human health and the environment. 
The IMP also includes the environmental monitoring of the Present and 
Original Landfills, the Present Landfill seep treatment system, and the 
eroundwater treatment svstems. 

to 1 x lo4 

This alternative complies with all A R A R s .  ' 
This alternative meets all RAOs except soil RAO 3 (prevent exposure resulting 
in unacceptable risk to WRW) because of the risk related to indoor air 
volatilization, and groundwater RAO 3 (prevent drinking water and irrigation 
use of groundwater contaminated at levels above MCLs). 
The Present Landfill FWCA decision document requires institutional controls to 
be put in place at the time the post-closure period begins. However, 
institutional controls for the Original Landfill will not be required until the 
CAD/ROD. Alternative 1 assumes that these controls will be in place but that 
no other institutional controls will be imdemented. 

Accelerated actions have removed contaminated wastes, materials, debris, and 
soil providing a high degree of long-term effectiveness and permanence. 
Landfills have been closed in accordance with regulatory agency-approved 
closure plans as long-term solutions. 
Remaining building structures either meet free release standards or have fixed 
contamination that is 6 feet or more below ground surface. 
Groundwater treatment systems are permanent passive systems requiring 
limited operational attention. 
Monitoring through the IMP provides additional assurance of permanence. 

0 

0 

Includes Alternative 1 plus institutional and physical controls. Institutional 
controls include legally enforceable and administrative land use restrictions. 
Physical controls include signage. 

See Alternative 1. 
Alternative 2 increases the protectiveness of Alternative 1 because 
institutional controls will provide the following: 

0 

0 

Prohibition on construction and use of buildings in contaminated areas. 
Prohibition on drilling wells into contaminated groundwater for water 
use (specifically drinking water or irrigation use). 
Prohibition on the use of contaminated surface water, groundwater 
and/or pumping groundwater where the remedy may be impacted. 
Restrictions on excavation in areas above subsurface contamination or 
intrusion into subsurface contamination. 
Prohibition on excavation at the Present and Original Landfills. 
Restrictions on activities that cause soil disturbance in areas with 
residual surface soil contamination. 

In addition, Alternative 2 will prohibit construction of buildings for human 
occupancy, thereby eliminating the indoor air volatilization pathway. 
Signage monuments will be installed as a physical control along the 
perimeter of the IA OU to notify the WRW and WRV that they are at the 
boundary of the Refuge maintained by USFWS. 

.. 

This alternative complies with all ARARs.  
This alternative meets all RAOs. 

See Alternative 1 plus: 
Institutional controls are designed to provide the mechanisms that 
permanently maintain the completed actions conducted at RFETS and the 
monitoring consistent with the requirements in all accelerated action 
decision documents. 
In the very long term, institutional controls may fail. 
An environmental covenant will increase the long-term permanence of 
institutional controls. 

B 

B 

'.., , ;., ,, ..;.., :; T,;--' a r s e t e ~ ~ s u ~ a c ~ ~ S a i l { R e m - O " a ~ ~ ( ~ l t e ~ ~ t i $ . ~ 1  
, .  . 
Includes Alternative 2 plus targeted removal of surface soil 
within an EU to reduce the residual plutonium-239/240 
contamination to below 9.8 pCi/g,  which is the I x l o 6  WRW 
risk target concentration. 

This alternative is protective of human health and the 
environment because: 
0 

0 

See Alternatives 1 and 2. 
Alternative 3 increases the protectiveness of Alternatives 
1 and 2 because targeted surface soil removal will reduce 
plutonium-2391240 contamination to below 9.8 pCi/g. 
Surface soil removal will result in short-term adverse 
impacts to ecological resources, including potential 
impacts to PMJM habitat. 
Removal of surface soil increases the potential to 
mobilize residual contamination, particularly if a large 
area of soil is removed, or if the removal is on a steep 
slope or in close proximity to a stream segment. It also 
indreases the potential for wind erosion. 

0 

This alternative complies with all ARARs. 
This alternative meets all RAOs. 

See Alternative 2 plus: 
B Removal of surface soil will permanently and effectively 

reduce plutonium-2391240 contamination to below 9.8 

Surface soil removal reduces remaining residual surface 
contamination that could be mobilized in the future if 
disturbed. 

pci/g. 
B 
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~~~~~.~~~~~~~~~ 
Reduction of Toxicity, 
Mobility or Volume 
through Treatment 

Short-term Effectiveness 

Implementabili ty 

Cost" 

State Acceptance 

2ommunity Acceptance 

rr 

Groundwater treatment systems remove contaminants thereby reducing 
contaminant loading to surface water. 
The Present Landfill seep treatment system provides treatment to remove the 
VOC contamination from the landfill seep. 
Experience and knowledge gained during accelerated actions have shown that it 
is not technically feasible to reduce toxicity, mobility, or volume of residual 
plutonium in surface soil through treatment. 
All of the RFCA accelerated actions (except the landfills) included removal of 
contaminated structures and environmental media. Removal provides the 
highest level of reduction of toxicity, mobility, and volume. 
Where subsurface removal was not conducted, the contaminated material or 
media is fixed andfor not considered mobile in the environment. 

0 

Workers and the public are not at risk because no additional action is required in 
this alternative. 

No further action is easily implemented because all accelerated actions are 
complete. 
Post-accelerated action monitoring of the Present and Original Landfills is 
easily implemented because the monitoring systems are established. 
Monitoring through the IMP is easily implemented because the monitoring 
network is established. 

Capital Cost: $0 
Annual O&M Cost: $2,530,& 
Present Worth Cost: $41,350,000 

Groundwater treatment system media replacement costs are estimated at $728,000 
Every 5 years. The estimated costs for preparing materials for the CERCLA periodic 
reviews is $153,000 every 5 years. 

J 

Discussion of this criterion will be provided in the CADROD. 

Discussion of this criterion will be provided in the CADROD. 

a Capital costs are in 2005 dollars and O&M costs are calculated for 30 years at a discount rate of 5 percent. 

Table 10.1. 

See Alternative 1. 

See Alternative 1 plus: 
Institutional controls are effective immediately after the controls have been 
established. 

See Alternative 1 plus: 
Institutional controls are easily implemented. 
Physical controls, such as signage, are easily implemented. 

Capital Cost: $1,12O,OOO 
Annual O&M Cost: $45,000 (Alternative 2 only) 
Total Annual O&M Cost: $2,575,000 (includes Alternatives 1 and 2). less the 
periodic media replacement costs and CERCLA review costs 
Present Worth Cost: $43,170,000 (includes Alternatives 1 and 2) 

Discussion of this criterion will be provided in the CADROD. 

Discussion of this criterion will be provided in the CADROD. 

2 o f 2  

'ic(. . ?, , ~ ~ a r ~ e t ~ ~ , s - u ~ ~ . ~ ~ ~ ~ ~  &..+Val (A,lt~r&~i$e3~@%&#> 
L.. _* . 
See Alternative 1 plus: 
0 Removal of surface soil and thus reducing plutonium- 

2391240 contamination to below 9.8 pCi/g will reduce 
toxicity, mobility, and volume. 
Surface soil removal reduces remaining residual surface 
contamination that could be mobilized in the future if 
disturbed. 

0 

See Alternative 2 plus: 
Removal of surface soil will result in an incremental risk 
to the workers and the public through the removal and 
transportation operations. 
Surface soil removal will result in short-term adverse 
impacts to ecological resources, including potential 
impacts to PMJM habitat. 
Removal of surface soil increases the potential to 
mobilize residual contamination, particularly if a large 
area of soil is removed, or if the removal is on a steep 
slope or in close proximity to a stream segment. It also 
increases the potential for wind erosion. 

See Alternative 2 plus: 
Removal of surface soil is implementable with standard 
earthmoving and transportation equipment. 

- 

Surface Soil Removal Capital Cost: $222,340,000 
(assumes up to approximately 368 acres for surface soil 
removal and disposal as low-level radionuclide-contaminated 
soil) 
Total Capital Cost: $223,460,000 (includes Alternatives 1 ,2  
and 3) 
Annual O&M Cost: Varies from $206,000 to $70,000 
(Alternative 3 only) 
Total Annual O&M Cost: $2,781,000 to 2,645,000 (includes 
Alternatives 1,2,  and 3), less the periodic media replacement 
Eosts and CERCLA review costs 
Present Worth Cost: $265,510,000 (includes Alternatives 1,2 
and 3) 

Discussion of this criterion will be provided in the 
2ADROD. 

Discussion of this criterion will be provided in the 
ZAD/ROD. 
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PRGs Were Exceeded 
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Groundwater Sampling Locations 
Where Volatilization PRGs 

Were Exceeded 
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UHSU Groundwater Sampling 
Locations Where Composite 

MCLs Were Exceeded 
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RCRA FACILITY INVESTIGATION - REMEDIAL INVESTIGATION/ 
CORRECTIVE MEASURES STUDY - FEASIBILITY STUDY REPORT 

DETAILED ANALYSIS OF ALTERNATIVES 

SECTION 10.0: ATTACHMENT 1 

Estimates of Costs 
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Table Al .1  
Alternative 1 Summary 

Alternative 1 - No Fuither Action with Monitoring 

............................... 

Total 52,530,000 

Present Value Analvsig 
Interest Rate: 5% 
Period: 30 Years 

Total Present Value of Alternative (less media replacement) 1-1 

.I."". ..I-"-.-.-.".".-."-.-.".". - ...................... " ................ "." ..."---.I." -.I.-." ...... "." ...... ..........-. ".." .... "." ...... .. 

Present Worth for Medla Replacement 52,025,315 

...... ... "."..I_." ...... I ..... I ....- -1--1..... -....-. ..-..--._.-... I .-- " 

Present Worth for CERCLA SYear Reviews $425,650 

Total Present Worth for Alternatlve 1 

Total Present Worth for Alternatlve l(Rounded) 

$41,343,266 

$41,350,000 
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a Alternative 1 

Description 
--"-.I--" ....... -.-I--.-I ' ..--------.-I--- 
Monitoring 5 Maintenance .._"__ -.I--- ..... "-.-."-l-l"l__.---.-.". 

Table A1.2 
PLF O&M Cost Sheet 

Cost Estimate Summary 

Quantity Unit Unit Cost Total Notes 
........... .. "..--.--.--I_-. 
--..-.".I._..-- .1.-.111- I--- .--^-.--.I.. .-"."."--...-.--.-"--.-- ..... -------.-----. 

Monitoring Well Sampling - Lab 24 samples $500 $12,000 Qtr3 VOCs and metals for 6 wells 
Monitoring ---1.-.1---"..--1.-."".-------"- Well Maintenance 

---I--. -----.-..I-.I----. .... ....... - ......-. .... ..................... 1 1 "-- 1 ..I ..... LS 1 ---I_- $500 f ---".--.I.-. $? ~Lockreplacementsi*iellcover&pad "_ .--" -... .............. regairs .-..-.------- I I --------.-.-- ........ ....... ""__" . I f t t t. z.- 
+n 

I ... 
susT9~ 5!z.".""..."~--" .---.I.----------...._____.__ :.." ...... I 

...... ........ ............. ..... 
TOTAL ANNUAL O&M COST 

TOTAL ANNUAL O&M COST (ROUNDED) $1 50,000 

1of1 



Alternative 1 
0 Table A1.3 

OLF O&M Cost Sheet 
Cost Estimate Summary 

Site: Original Landfill 
Location: 
.Phase: 
Base Year: 2005 
Date: 1 Ol07l2005 

Description: This alternative consists of operations and maintenance of the rnentoring wells, vegetation, 
and sampling at the OLF. 

Feasibility Study (-30% to +50%) 

Annual O&M Costs 

...............__I._ . ....... 

......... ............................................................................ 

.." ......................................... ~ ......... " ................... 

_" ........ 
....................... 

............... " ..................................................... " 

....................... ". 
........ "" -.. 

.................................. "..I.... I.. 

...................................... " ..... 

............... _"... .I.""." ....... "." .I ............. " " .-....-.. ".. 

...................................... - ..... 
........................... ".................I. .... 

............ I .......................... " " ............................. " ..........._.... " .._.. 
........... - .......................... I... .... ............................................................................. " ......-...........-.. 

........ I .......-... 1 ...................................... 1-1 ........ I.." ......... I ............................................ " ........... I.._ .................................... I TOTAL ANNUAL O&M COST 109.1 63 

TOTAL ANNUAL O&M COST (ROUNDED) ' tiio,ooo 
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Alternative 1 

Table A1.4 
GW Systems O&M Cost Sheet 

Cost Estimate Summary 

Site: Groundwater Monitoring Systems Description: This alternative consists of operations and maintenance of the groundwater 
Location: 
Phase: 
Base Year: 2005 

Mound, East Trenches, 8 Solar Ponds 
Feasibility Study (-30% to +50%) 

treatment systems at the Mound, East Trenches, and Solar Ponds. 

Date: 10/07/2005 

Annual O&M Costs 

I I ............ 
tDlrn 

....................... ........... .... .... ...... I. ..I .... .... ........{ 

......... .. "....I .......................... " 

....... " 
sa~~!~nn.&..o!!ice.oDCs ............ 1"" ............... 

.......................... "."..I " .................... " ......... 

......... ......................................... " .- " 
Annual " Report 

"........_....I_ ..-........-. 
............................... I ................................................................. " ...-.... 

......... " ......... ~ .......... " ...... "._. 

....... ........................................................................... " ......... ". 

.. ".....I ~ ....--.... ".._" .......... "." ........ 
..... ".I .......... I.._._ ....... ..-..... .... ̂ .. 

..... "..I ................. ~ ....... " ...................... 

............................................................ " ........... 
......... "...I..." ......-.. 

TOTAL ANNUAL O&M COST (ROUNDED) $140,000 



Table Al.5 
Media Replacement 

Alternative 1 Cost Estimate Summary 

Site: 

Location: IA OU 
Phase: 

Base Year: 2005 
Date: 09/12/2005 , 

GW Treat Media Replacement Description: Replace the treatment media in the groundwater treatment units every 
five years 
Costs will vary between each system; however, this estimate is 
considered an average cost with a similar level of effort for all 
treatment systems. 

0 
Feasibility Study (-30% to +50%) 

GW Treatment System Media Replacement (for one unit) 

Activity Item # of Units Units Unit Rate Cost Assumptions 
Monument Installation 

0 

Direct 
Project Manager 120 hours 100 $12,000 3 weeks 

PM Support 60 hours 65 $3,900 
Safety 40 hours 80 $3,200 

Engineering Support 0 hours 80 $0 
RTC Support 0 hours 37 $0 

Waste Inspector/Generator Support 0 hours 42 $0 
Misc. Support 40 hours 50 $2,000 

Subtotal $21,600 
Direct ODCs 1 months 500 $500 $500/month 

Sampling and Analytical 
Manager 0 hours 80 $0 

Field Techs 0 hours 40 $0 
Lab Expenses 0 days 0 $0 

Subtotal $0 

Construction Contractor 
LABOR 

Superintendent 120 hours 70 $8,400 full time for 3 weeks 
H&S Officer 120 hours 70 $8,400 

Labor Foreman 0 hours 65 $0 
Equipment Foreman 120 hours 65 $7,800 full time for 3 weeks 

Laborers 360 hours 60 $21,600 3 full time for 3 weeks 
Equipment Operators 240 hours 60 $14,400 2 full time for 3 weeks 

Subtotal $60,600 

Equipmen t/Supplies 
Forklift 0 months 8000 $0 

Track Hoe 0 months 12000 $0 

Water Truck 0 months 3000 $0 
Rubber-tired Backhoe 1 months 5000 $5,000 1 month 

Pick-up Truck 2 months 500 $1.000 2 for 1 month 

Replacement Media 50 tons 1200 $60,000 $1200/ton 
Piping, slotted 20 feet 160 $3,200 $i6o/n 

Piping, solid 50 feet 5 $250$5/n 
H&S Supplies 1 months 1000 $1,000 1 month for $1000/month 

Spent Media Disposal 75 tons 11 50 $86,250 $9OO/ton disposal with $250/ton 
transportation 

Misc. Supplies 1 months 500 $500 1 month @ $500/mo 
$1 57,200 

Erosion Control 
1 acres 3000 $3,000 Soil preparation (if needed), 

seeding and erosion mating 
$3,000 

$242,400 Total Replacement Cost per Unit 

Total Replacement Cost for 3 Units 

Total Replacement Cost for 3 Units (Rounded) 

$727,200 

$728,000 

0 
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0 Alternative 1 

Table A1.6 
RFETS IMP O&M Cost Sheet 

Cost Estimate Summary 

Site: RFETS Description: This alternative consists of surface water monitoring, groundwater monitoring, air 
Location: 
Phase: 
Base Year: 2005 
Date: 1010712005 

monitoring, ecological monitoring, and soil monitoring as defined in the IMP. 
Feasibility Study (-30% to +50%) 

Annual O&M Costs 

I Description I Quantity I Unit lUnit Cost1 Total I Notes 

.I ..........-. I..." ..................... I ..... ..- ......... -". 

.................. " .................................. ....-. ~ ........... 
....................... - ....... " 1 

I L S  
.................................................. 

....................................................................................................................................... " -..... t I L S  .................................................................... "...........".....^.I .................. " ................... I ....... I."... 

ater + Surface Water Monitoring 

............................................................................................... " .............. 
Ecological Monitoring . .............................................. .................... 

.................................................................................................................... 
SUBTOTAL ....................................................................... 

....................... ....................... "".. .... " .... " ......... ~ ......................... ".- " _ .............................. ". I ............................................................... ............... ........................................... _" ............................... " $90.228 1 $90,228 b e e  separate cost detail 

" " ............................................. " ~ ............................. " ..... " .... ". I ..... " .................................... " ........ - .... 
I- .......... ................................... ....... 

..... " ............................ -- ..... 
-.........^I ..... I .... -. 

............. "...".." 
........... " ......... " ....... "..̂ " ....... 

............................. " 

.......................................... I ............................................ I ............................... I ..... - ............... " ......... t"""......." .................. I.." ~ ...... 
..................................................................................................................... ....... 1 ..................... ] ..................... "1 ...... " " .............. " " .................... " ...... " .... " .... 

TOTAL ANNUAL O&M COST (ROUNDED) $2,130,000 

DEN/E03200501 I.XLS 



Table A1.7 
CERCLA Reviews 

Alternative 1 Cost Estimate Summary 

Site: 5-year CERCLA Reviews Description: Prepare ReportslMaterials for 5 year CERCLA Reviews 
Location: IA OU 
Phase: 
Base Year: 2005 
Date: 09/12/2005 

Feasibility Study (-30% to +a%) 

5-year CERCLA Reviews 

Activity Item # of Units Units Unit Rate Cost Assumptions 
Monument Installation 

Direct 
Project Manager 

PM Support 
Safety 

Engineering Support 
Misc. Support 

300 hours 100 $30,000 2 months 
300 hours 65 $19,500 2 months 

300 hours 80 $24,000 2 months 
200 hours 50 $10.000 1.5 months 

0 hours a0 $0 

Direct ODCs 2 months 500 $1 IO00 $500/month 
Subtotal $a4,500 

Data Base Management 
Manager 

DB Support 
Misc. Support 

DB ODCs 

300 hours 100 $30,000 2 months 
300 hours 80 $24.000 2 months 
200 days 50 $10,000 1.5 months 

2 months 2000 $4,000 $2000/month 

Subtotal $68,000 

$1 52,500 Total Cost 

Total Cost (Rounded) $153,000 

I 
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Table A1.8 
IMP Summary 

Estimate for one year program Air. Water and Ecoloqical Monitorinq: 

Air Monitoring Program $ 90,228 I 

Water Monitoring Program $ 993;195 

Ecological Program $ 247,560 

Total Monitoring Program $1,330,983 

Assumptions: 

Air Program 
1 Power source for RAAMP samplers is available. No 

additional cost for power source in this estimate. If 
generators are used additional cost will be incurred. 

2 No "special" sampling will be required. 
3 All work will be non RAD. 
4 Annual Sample Maintenance will be Required 

5 Three (3) RAAMP sampler stations will be operating. 

Water Program 
1 Base program 3 FTE with 1 FTE additional each quarterly 

monitorina cvcle 
2 All Groundwater wells in working order. With Annual Well 

Maintenance Required. 
3 All Surface Water monitoring stations in working order. With 

Annual Sampling Station Maintenance Required. 
4 One well replacement or new installation during year. 
5 No special monitoring will be required for either GW or SW. 
6 No new SW stations will be required. 
7 No RAD work will be performed. 

Ecological Program 1 Base Program 1 1/2 FTE 
2 No laboratory work required 

DENIED3200501 I.XLS 
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Water Ta*mr 

Program: Water Program Fiscal Year XXXX Estimate 

Project: 

Project: 

Project: 

Surface Wafer 

Ground Wafer 

lMP/Data Manaaement and ReDOfl Inq 

-.C .._.”. , . 

Project: .!.ab costs 

Project 

Lab costs sw 
Lab costs GW 

$ 361.839.58 
$ 57,000.00 

a 
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Project: Qfher ODQ 

Project 

SW Field Supplies 
GW Field Supplies 
Drill riglgeoprobe equip 
Source evals (swO93 8 GSlO) 
Monitoring Station Maintenance 

Summary Cost: 

Assumptions: 

0 
Total $ 19,161 22 $ 22,781 82 $ 18,42467 $ 23,191 94 $ 25,83700 $ 33,62900 $ 39.64500 $ 50.86500 $ 48.27300 $ 47,00099 $ 48,60703 b 41,422921s 418,839581 

b 26,400.00 
S 24.000.00 
$ 10,00000 

Total 

I oct 1 Nov I Dec I Jan I Feb 1 Mar I APr I May I Jun I Jul I Aug I Sep I Total -1 
Surface Water $ 37.561.22 $ 36,781.82 t 33,707.17 $ 35.736.94 $ 34,837.00 5 44,991.50 8 53,045.00 $ 56,865.00 $ 61,703.00 $ 61,545.99 S 62.607.03 $ 60,215.42 $ 579.597.08 
Groundwater $ 21.200.00 S 16.800.00 0 18,082.50 S 20.345.00 $ 16,800.00 $ 19,162.50 $ 21,200.00 $ 29.800.00 $ 22,230.00 $ 23.345.00 $ 16.800.00 $ 21,592.50 $ 247,357.50 
IMP $ 12.900.00 b 12.900.00 b 14,420.00 $ 12,160.00 b 12,900.00 $ 15.700.00 S 12.900.00 $ 12,900.00 $ 15,780.00 $ 12,180.00 S 12,900.00 b 18.580.00 $ 166,240.00 
Total Program S 71.661.22 S 66,481.82 S 66,209.67 $ 68,261.94 $ 64,537.00 S 79,854.00 $ 87,145.00 S 99,565.00 S 99,713.00 S 97,070.99 S 92,307.03 0 100,387.92 S ,993,194.58 

1 Base program 3 FTE with 1 FTE additional each quarterly monitoring cyde 
2 All Groundwater wells in working order. With Annual Well Maintenance Required. 
3 All Surface Water monitoring Stations in working order. WRh Annual Sampling Station 
4 One well replacement or new installation during year. 
5 No special monltoring will be required for either GW or SW. 
6 No new SW stations will be required. 
7 No RAD work will be performed. 

ZofZ 





Program: Ecological Monitoring Prc Fiscal Year XXXX Estimate 
Table Al.11 

Ecological Monitoring 

Project ponltorinq 

Project: 

Assumptions: 
1 
2 
3 

- 3  

Air Program Total Estimated Monthly Cost 5 1 9 , 2 0 0 . 0 0 2 0 0 . 0 0  t 21,480.00 S ~ 0 . 0 0  0 19,200.00 5 2 3 , a S  27,720.00 S 247,560.00 

Base Program at 1-li2 FTEs 
No laboratory work 
Quanedy reports only 



Table A1.12 
Alternative 2 Summary 

1 
2 '  

Alternative 2 - Institutional &,Physical Controls 

Capital Costs $1,120,000 
O&M Costs ' $45,000 

.................................................................................................. 
I No. I Action I cost I 

1 
2 

~ ~~ . . - . . - . . 

Capital Costs 0 $1,120,000 1 .ooo $1,120,000 ......................................................................................................................................................................................... 
O&M Costs 1-30 $45.000 15.372 $691.760 

Present Value Analvsis 
Interest Rate: 5% 
Period: 30 Years 

I I Action I Year I Costhear I Factor I Present Value1 

Total Present Value of Alternative 2 

Total Present Value of Alternative, 2 (rounded) $1,820,000 

1 of 1 DENE03200501 I.XLS 
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Table A1.13 
Capital Cost Sheet 

Alternative 2 Cost Estimate Summary 

Site: Institutional & Physical Controls Description: Land use restrictions and signage around the IA OU 
Location: IA OU 
Phase: 
Base Year: 2005 
Date: 0911 2/2005 

Feasibility Study (-30% to +50%) 

.Capital Costs 

I Description I Quantity I Unit IUnRCostl Total I Notes 
I 1 I I I I 

"."" ....................................... - .......................... - ......... " .... -""". ..I ...................... I. .............................. "....I .....-.. .. " ...... " ........ .I ......... - ..... " .........-...... 
........................... ". MobilizatIonlDernobilization ................ " .__ " - .................................................................. I ............ " .................. " ." ........................ ....... "... 

cons!.Nct.o?..E.~~.~~men!.and..~a~~!~!~es ........ " ........-..... ".. 1 ........... I ..... 1 ".."."... ' 1 .... " .-.- LS ......... 1 ." ~ 8 o . l o o 1  " .......... " .......... ........ .......-... I ntrold!%.?J ...... 
......... .......... .... " .̂.. I " ......_ " ........-... "" "...._.....I..."... 1" ................................................................... I ..... I ....... ... ̂ ....I" ..... I ........... "....I .... I._ .............. I .... - .... .... I ............. I ...................... "1.1 ...... ..I --.. I ......... -.. ̂ .."..I. " __ ................................ ~ "... I. 

} ........-........ ................................................................................... " .... 1 ............................ ... I.. ^ ...-."..+" ....-. I".." ....... + ....-.............. ".."...{ ....... ............................................................................................ ........... I 
.... ....... .... 

......... ".".." ....... 
........... 

..................... ...... ........... ..... ................. ................... .................. ." ........................... _..._ ................ ~ ............................. ........................ ...............-- "... " "... .." ..................... " " ".. 
..................... .................................................................................... Subtotall ........................................................ 1 ".. 1 .. ̂ ......_..I ............................................................... $534,000 1 " ............... ... ̂ .._ ........ " .............. ""... 
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Table A1.14 
Construction Cost 

Alternative 2 Cost Estimate Summary 

Site: 
Location: IA OU 
Phase: 
Base Year: 2005 
Date: 0911 a2005 

Institutional & Physical Controls 

Feasibility Study (-30% to +So%) 

Description: Land use restrictions and signage around the IA OU 

Monument Construction/lnstallation Cost 

Activity Item # of Units Units Unit Rate I Cost Assumptions 
Monument Installation 

Direct 
Project Manager 40 hours 80 $3,200 1 week 

Misc. Support 10 hours 80 $800 

Direct ODCs 1 months 100 $100 $100/month 
Subtotal $4.1 00 

Construction Contractor 
LABOR 

Superintendent 100 hours 
H&S Officer 200 hours 

Labor Foreman 0 hours 
Equipment Foreman 200 hours 

Laborers 400 hours 

70 
70 
65 $0 
65 
60 

$7.000 112 time for 1 month 
$14,000 Full time for 1 month 

$13,000 Full time for 1 month 
$24,000 2 full time for 1 month 

Equipment Operators 200 hours 60 $1 2.000 Full time for 1 month 
Subtotal $70,000 

Equipmen Supplies 
Forklift 

Track Hoe 
Rubber-tired Backhoe 

Water Truck 
Pick-up Truck 

Generator 
Light Tree 

Mower/Disk 
H&S Supplies 
Conex Boxes 

lntermodals (for soil disposal) 
Misc. Supplies 

Subtotal 

0 months 
0 months 
1 months 
0 months 
2 months 
0 months 
0 months 
0 months 
0 months 
1 months 
0 months 

' 1 months 

8000 
12000 
5000 
3000 
500 
900 

1100 
9000 

11500 
400 

31 0000 
500 

$0 
$0 

$0 

$0 
$0 
$0 
$0 

0 

$6,900 

$5,000 1 month 

$1,000 2 for 1 month 

$400 1 for 1 month 

$500 1 month 63 $500/mo 

Erosion Control 
20 acres 3000 $60,000 

Subtotal $60,000 
Total Installation Cost $1 41,000 

Total Installation Cost (Rounded) $1 41,000 

l b f l  DENiEO32LWSOI 1.U 
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0 Table A1.15 
O&M Cost Sheet 

Alternative 2 Cost Estimate Summary 

Site: Institutional Controls Area 
Location: IA OU the institutional controls occurs. 
Phase: Feasibility Study (-3O%.to +50%) 
Base Year: 2005 
Date: 09/12/2005 

Description: This estimate is for yearly inspection within the IA and legal fees if any violation of 

Annual O&M Costs 

Description I Quantity I Unit IUnit Cost1 Total I Notes 
I I I 1 I .........._..I ..._........... " ....... " .......... 

Mon!!o!.ing..~..Ma.~n!en 
........... Quarterly General Site 
Monument Maintenance 

" ..................... " ................. 
""."...".".." ............................................................ ..... ..... 

........... " .................. 

................................................................... I .......... 
?.!!!"IE!L ................................................ I.. 

.... "....."_......I ..... "I ....... 
." ........................... ..................... ~ ..... .... " ..........-. ""."."." ........ " I $27,500 1 ..................................... - ........... " ~ ............................. " ...... I ..................................................... " ................................. ".." .... " ..._._.-...._.- 

........... ........... ............. Project " Management "_."" "".". 
Technica!,S!P.P!?!! .......................................................... ........... "" ...........--....... " ...... 
................................... ....... - ................. ........................... I ...... "..I ......... 

........... .................. I ...... .............................. Institutional Controls " " 

_"..... 
"" .....-.......... ""." ..... ".. 

..._...-.......... ""_.....I_.."."_ I 
TOTAL ANNUMAL O&M COST (ROUNDED) . $45,000 

IofI DF.N1EO3200501 I.XLS 
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No. I Monitoring Action I cost 
1 ICaDital Costs I $221.000.000 

Table A1.16 
Alternative 3 Summary 

' 

Alternative 3 - Targeted Surface Soil Removal (368 acres) 

Action Year 
1 Capital Costs 0 .............................................................................................................................................................................................................................. 

............................................................................................................................................................................................................................. 1 2 O&M Costs (Year 1) 
3 O&M Costs (Year 2) 
4 O&M Costs (Year 3) 
5 O&M Costs (Years 4-30) 

2 
3 

4 - 30 

............................................................................................................................................................................................................................ 

............................................................................................................................................................................................................................. 

Cosffyear Factor Present Value 
$221,000,000 1 .ooo $221,000,000 

$206,000 0.952 $1 96,190 
$1 60,000 0.907 $145,125 
$1 15,000 0.864 $99,34 1 
$70,000 15.372 $892,378 

Present Value Analvsis 
Interest Rate: 5% 
Period: 30 Years 

I -- 

I DEN/U)32005011 .XIS 

Total Present Value of Alternative 3 

Total Present Value of Alternative 3 (Rounded) $222,340,000 
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Table A1.17 
Capital Cost Sheet 

Alternative 3 Cost Estimate Summary 

Location: Selected Area sf). 

Date: 0911 a2005 - ,. . . -  

Capital Costs 

Site: 

Phase: 
Base Year. 2005 

Targeted Surface Soil Removal 

Feasibility Study (-30% to +50%) 

Description: This alternative consists of the removal of 6' of surface soil over an area of 368 acres (16 million 

. .  ..( .. 

Description I Quantity 1 Unit I Unit Cost I Total I Notes 
I I I I I 

"""...".._.._._I._" ~ ........... ............... I..---" "-" .-.-...- ".__"___ ... MobilizationlDemobiliza~ion 
Construction . EguJrnent and Facilities 
. Subtotal 

% of constr. and dkosa l  costs -----..----..._ -.--...I.--..-....." ._.__.__" ._....--.. --.- -.---I."..- .... - 
_..I__." -.-.-----..-." ............. . 

....... ..... .................. ......... ... "__I.__.." ... 
.......... .... ........... .... $2,892,144 $2,892,144 ..................... 2% . of constr. and disposal co Site Preparation 

--.__I..--...---_.-_._I_..__._.. 1 $2,892,144 1 --. ."".--.-..-.--..-I __I.." -"- "__ 
Subtotal ""-...""-.---_---..I---....-." .............. .. -.------- .. I 

........ ................. ...... .... I ................... ..... ........................ 85,ooo_. !?:5!E&"CG?A?J?2 ...... .._.... 
_.."-""-.I..--- t -  soil txcavarion 

Excavation I 'iaulino 

"_"-..."-.--"..--..---I 

..... 

.............................. . .. 
..... ....... .................... 

-I-- ........ ...... 

"-....-.--I--"-."-.. 

--- ................. 

.................. 

33" 
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Table A1.18 

O&M Cost Sheet Year 1 

i 

Alternative 3 Cost Estimate Summary 

She: 
Location: Selected Area 
Phase: 
Base Year: 2005 50 ac of reseeding 
Date: 09/12/2005 

Annual O&M Costs, Year 1 

Targeted Surface Soil Removal 

Feasibility Study (-30% to +50%) 

Description: This alternative consists operations and maintenance after the removal of 6" of 
surface soil over an area of 368 acres (16 million sf). 
100% of area weed control 

I Description I Quantity I Unit IUnit Cost1 Total I Notes 
I I I I I 

" ..... dy General Site Inspection ................... - ............... ~ .... " ................................ - 

.I .... I ........................ .... ~ .......... ". 
^I ................................. "....... " .......... 
........................................... - .... -..- ...... 
............ - .................... " ....... " ................. 
... ̂ ..." ..... ".." ...................... ......... - ...... 
- ...... - ................................................... 

........... ........ .... .." - ...... ..."..... 
?!?ge.!!!en! ................................ ~ ..... I.." ................... .............. ...... I." ..... 

..................... ....... ................... 15% ......... ~ ..... support " - 
" I 

0 TOTAL ANNUAL O&M COST, YEAR 1 (ROUNDED) $206,000 
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. ' TableA1.19 
O&M Cost Sheet Year 2 

Alternative 3 Cost Estimate Summary 

Site: 
Location: Selected Area 
Phase: 
Base Year: 2005 20 ac of reseedins 

Targeted Surface Soil Removal 

Feasibility Study (-30% to +So%) 

Description: This alternative consists operations and maintenance after the removal of 6' of 
surface soil over an area of 368 acres (16 million sf). 
50% of area weed control 

Annual O&M Costs, Year 2 

...... " .......................... 
...... ".........._..I .....-.... I ..... 

................................. I.." ............................... "..". .... ............... " ..... " ..... " ...................... 
............. - ..... " - ................... ~ ..................... 

.... "..." 

TOTAL ANNUAL O&M COST, YEAR 2 (ROUNDED) $160,000 
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0 Table A1.20 
O&M Cost Sheet Year 3 

Alternative 3 Cost Estimate Summary 

Site: 
Location: Selected Area 
Phase: 
Base Year: 2005 5 ac of reseeding 
Date: 09/12/2005 

Targeted Surface Soil Removal 

Feasibility Study (-30% to +50%) 

Description: This alternative consists operations and maintenance after the removal of 6' of 
surface soil over an area of 368 acres (16 million s9. 
50% of area weed control 

Annual O&M Costs, Year 3 

I Description I Quantity [ Unit ]Unit Cost1 Total I Notes 
I I I I I I 

..........-... ............................... " ..... -" .... - ..._.. 
?!.!????d.i!9." ......... I .- ....... .-..-... " .... 
x 8 hourstday @$75/hour 
.-.... x 8 I.." hourstday "... Q $75/hOUr 
"1..".."..._" ........................ "._...""."._..._". 

........... ..... I._ ................-. ̂̂ .".-. 
....................... ".I_.._ -... ".........I ............... I 

..................................................... ........................ " ..... " ........................... " ...... " ............... I... ................. " ........... I." .................. .... ~ .....-..... " .... "..." - .........-.. "..."..." .......... "" ..-_.-.- ".. 
.............................. SUBTOTAL ".... ............................................................. - ..................... 1 I 1 f f $74,150 1 ............................................................................................ I ...... " ............ " ...... " .... "- ................................................................... ".".. 
............................................. " ..................................................................... ...................... I " ............................................. " -..-...-_..... 
.................................................................................................................. $18,538 1:; Contingency (Scope + Bid) ........... - ................. I..." ...... _I..._ ........ " ........... " .............................. " - ........... " -...-. 
................................................................................... ........... ................. "_ " ......................... "" ........ " ........................... 
............................................. .....-.. I ......... I .......... "........_I .... "I .............................. " .-.. "._.̂ .. SUBTOTAL 

......... .." .... " .- .................... ..... I." ............ ".. I ........................................................................... " ................................ ..... ............. ̂..._ 1 :go 1 1 1 .......................................................................... " " ................................................................... "... .... I ....................... t ..................... I ....... t i { s t  -- ............... "_ ..... " ....-.....-...- "_." ............................... --.-" ....... I TOTAL ANNUAL O&M COST 11 4,006 

~ 

TOTAL ANNUAL O&M COST, YEAR 3 (ROUNDED) . $115,000 

J 
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Alternative 3 

Table A1.21 
O&M Cost Sheet Years 4-30 

Cost Estimate Summary 

Site: 
Location: Selected Area 
Phase: 
Base Year: 2005 2 ac of reseeding 
Date: ~09/12/2005 

Annual O&M Costs, Year 4 to 30 

Targeted Surface Soil Removal 

Feasibility Study (-30% to +50%) 

Description: This alternative consists operations and maintenance after the removal of 6' of 
surface soil over an area of 368 acres (16 million s9. 
25% of area weed control 

I Description I Quantity I Unit [Unit Cost] Total I Notes 
I I I I I I 

............... " ......-....... ..................... " "." " ~ ._ 

I .... ~ - .........- ~ .-.. 

- ..... " ................ -.._.. 

c'-- 
$70,000 
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